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The study presented here In the form of doctoral thesis 
was taken up with a view to give ooiaprehenaion to the under-
standing of biologiosvl condition of fishes. After an 
exhaustive survey of literature relevant to the subject matter 
and analysis of the merits and demerits of the various 
approaches to determination of condition coefficients» the 
problem was attacked from several different angles. Besides 
evaluating the somatic and organ condition gravimetrically 
(through weight changes) the quantitative alterations in 
biochemical constituents wore also examined to present a 
more accurate and realiotic account of the physiological 
status and living standard of fishes. 
tjpecific aopects investigated and importsuat findings 
are siunmarized heres 
Chapter I focuses attention on the growth and condition 
of three species of major carps, Oatla catla. Lab^o rohita and 
Oirrhina mrigala obtained from cultured populations In a 
freshwater pond. Data pertaining to body weight/unit length, 
condition factor and relative condition factor were processed. 
Body weight was found to grow more than three times the total 
length in each species. It was hi^er in Oatla catla followed 
by Labeo rohita and Oirrhina mrigala. Condition factor 
maintained a similar tr«nd of progression in the three fishes. 
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Relative condition factor did not differ appreciably from 1 
and substantiated the reeiilts obtained through length-weight 
exponent and condition factor. The importance of segregated 
niches, habitat partitioning and compatability of the carps 
in composite farming has been discussed. 
Chapter II deals with scaling of heart, brain and liver 
in relation to growth in length and weight of catfish 
Heteromeustes fossilis and murrel Channa punctatus. Allometric 
relations of these internal organs with general growth of the 
fishes were established and the exponents used for throwing 
light on dynamics of change in weight of the organs as 
indicators of underlying biochemical phenomena. 
Chapter III reports the nature of relation of specific 
gravity, protein, RNA and M A with the condition index of 
Heteropneustes fossilis« besides the interrelation between 
these parameters. The use of biochemical constituents as 
eensitive Indicators of biological condition was discussed in 
detail. 
Data on monthly variations in concentrations of protein, 
RNA and UNA of Catla catla. Labeo rohlta and Olrrhina mrigala 
have been embodied in Chapter IV. Seasonal profiles of these 
parameters were found related to intrinsic and extrinsic 
factors and these were Interpreted in the background of 
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physiological response and adaptation of the fishes to changing 
phenomenon. v/hile the response of variations were identical 
in all the carps, the interspecific differences existed in the 
magnitude of variations. 
Attempt was made (Chapter V) to test the performance of 
diets supplemented with cost-effective homoeopathic extracts 
(Calcarea phosphorica, iMatrum muriaticxim and Lycopodium) on 
Heteropneustes fossilis. The nutritional efficacy of the 
formulated diets was worked out through change in appetite, 
food conversion efficiency, protein efficiency ratio and their 
effects on condition coefficient. All the additives increased 
food utilization and promoted growth. The resulting health 
status was assessed by the nucleic acid levels. RNA varied 
positively and DWA reciprocally with the nutritional level 
of fish.Calcarea phosphorica was most effective of the three 
feed mixes; next in order were Lycopodium and Katrum muriaticum. 
A homoeopathically prepared glandular extract (Testes 3X) 
supplied vrith minced meat diet to Heteropneustes fossilis 
enhanced the appetite and food utilization marginally. 
Application of this preparation was considered more useful 
for long-term feeding. The results have been interpreted in 
Chapter VI. 
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Possible anabolic effects of the ovarian steroids of 
ripe specimens of Heteropneustes fos-silis were tested on 
young individuals of the same species (Chapter VII). Increase 
in appetite, food conversion, body weight, ponderal index, 
liver-somatic index and gonado-somatic was noticed. The 
findings emphasized the utility of natural ovarian steroids 
in improving the yield of fish from culture ponds. 
The response of liver condition and nucleic acid 
concentrations of this organ to steroidal preparations 
(Testoviron and Ovocyclin) was investigated (Chapter VIII). 
Liver-somatic index and M A increased whereas DNA concentrations 
declined in treated fish. The growth-promoting effect of the 
exogenous hormone was discernible. The 'cause-and-effect' 
relation vis-a-vis nucleic acids have been explained. 
Study was also designed to determine the effect of DDT 
contaminated environment on condition and concentrations of 
protein, RIA and DNA of the liver of carp Puntius stigma 
(Chapter IX). Exposure of the fish for 15 days resulted in 
decline of protein and DITA vrith a reciprocal increase in RNA. 
The data have been interpreted in the light of hypertrophication 
of hepatic cells and interrelations of chemical constituents of 
liver parenchyma. 
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The study of somatic and organ condition of fishes 
constitutes an important aspect of their biology. Information 
on somatic condition (obtained through condition factor or 
ponderal index) is widely used to understand relative robustness 
or heaviness of fish. Recent years have seen a surge of 
interest in evaluating the physiological or nutritional state 
which is responsible for changes in the mass of body (expressed 
by somatic condition), weight of internal organs (indicated by 
organ condition) and also the chemical makeup and nutritional 
quality of fish. The biochemical composition of fish is so 
profoundly influenced by factors of both extrinsic and 
intrinsic origin that a simple deviation of the mass of an 
individual from average mass for a given length do not reveal 
the underlying changes (Mustafa, 1979 and Shams, 1980). While 
giving a review of seasonal and environmental influences on 
various attributes of the flesh of Atlantic cod (Gadus morhua) 
Love (1975) discussed the demerits of using weight : length 
ratio to gain an accurate idea of the health and standard of 
living of the fish. From the exhaustive review of Love (1980) 
it is clear that over a certain period a fish deprived of 
food and exposed to man-made and natural vagaries may not 
lose weight due to replacement of nutrients like protein and 
fat by water. The condition factor and length-weight exponent 
fail to bear witness to this physiological emergency prevailing 
in the fish body, a condition which lowers the food value of 
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flesh. Disadvantage of length-weight approach also lies in 
its masking of true dynamics of condition of fish in the 
event of large gonads and more gut contents which contribute 
substantially to the total weight of fish. To exclude the 
effects of these factors Mustafa (1979) and Mustafa and 
Zofair (1983) used 'fillet condition factor' (fillet weight,g 
X 1000/cube of fillet length, cm) rather than condition 
factor of the intact fish (body weight, g x 100/cube of total 
length, cm). The situation warrants the need of finding out 
some sensitive and reliable tools which can truly depict the 
condition and living status of fish. Several workers 
determined the weight of internal organs of fishes in relation 
to starvation, ration size, dietary quality, etc. A resume 
of these studies has been given by Love (1970, 1980). 
Differences in the nature of response of the various organs 
were discerned. Liver has emerged as the most dynamic 
visceral organ of the body. Its weight fluctuates with 
small-scale changes in the aforementioned factors. This 
organ is an important site for the acc\imulation of glycogen 
and fat. Fluctuations in weight are linked with changes in 
the amounts of the reserves. Several authors have sought 
to explain the short-term changes related to daily food 
intake (Heidinger and Crawford, 1977), food storage (Bulow 
et al., 1978), sexual maturation (Love, 1980). Besides, 
Tyler and Dunn (1976) working on winter flounder, 
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Pseudopleuronectes americanus, and Jensen (1979 : pollock, 
Pollachius vireng) demonstrated liver-somatic index as a 
fairly good measure of condition. Of all the parameters 
of the liver, the most reliable indicator of condition is 
the RNA/DNA ratio. Bulow (1971) tested the sensitivity of 
MA/DNA ratio in different organs and tissues of the body 
and sTiggested the use of liver for this ratio technique. 
Mustafa and Mittal (1982a) examined comparatively the liver 
and brain weight and nucleic acid response of catfish 
Olarias batrachus to food deprivation; the lability of liver 
and stability of brain were clearly evident. 
Some biochemical constituents have proved to be still 
more sensitive than gravimetrically derived indices of 
somatic and organ condition. Nikolsky (1965) proposed 
coefficient of fat content (weight of 'internal' fat expressed 
as a percentage of total weight of fish) to indicate fish's 
living condition. The term 'internal' fat was used to denote 
the fat which accumulates in the viscera. This 'fat depot' 
is easy to remove and makes the evaluation of fat coefficient 
practically feasible. The available evidence shows that the 
amount of visceral fat is very closely related to intensity 
of feeding, and the changes in the coefficient of fat content 
fairly reflect variations in total fat content of the fish. 
There are, however, differences in the fat distribution in 
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the body of fishes. Not all fishes store fat in the body 
cavity. Application of Wikolsky's (1963) fat coefficient 
is thus of limited applicability. In sharks and gadoids 
fat accumulates chiefly in the liver; in gadoids and 
percoids very little quantity of fat occurs in the flesh, 
whereas in cyclostoms and eels, flesh is an important site 
of fat deposition. There is hardly any fat on the intestine 
in gadoids. Indeed, majority of fishes store fat around the 
intestines. A typical example is that of roach. Prozorovskaia 
(1952) went to the extent of suggesting a scale of fat deposition 
on the intestines of Caspian roach. Caulton and Bursell (1977) 
also considered fat indices as correlates of condition. More 
recently, Mustafa and Jafri (1981) working on Heteropneustes 
fossilis gave a lucid and succinct accoiant of the strong 
relationship between fat and biological condition. The same 
authors have also reported the changes in glycogen concentration 
as indicative of condition of fish and derived glycogen-condition 
exponent to emphasize the strength of progression. Use of 
protein content as an index of condition in cod, Gadus morhua 
has been advocated by Love (1962) based on the fact that 
fish growth is largely a function of protein biosynthesis. 
Nucleic acids are increasingly employed these days for 
assessing the well-being of fishes. 
Work presented here in the form of thesis is based on 
freshwater species of carps (Catla catla. Labeo rohita. 
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Oirrhina mrigala and Puntius stigma). catfish. (Heteropneustes 
fossilis) and murrel CChanna Tjunctatus). The first part of 
the thesis (Chapters I, II) presents information on somatic 
and organ condition of teleosts. For study of somatic 
condition of major carps, the data were processed statistically 
to establish the relation between length and weight of the 
body with special reference to change in mass/unit length, of 
fishes. Other parameters examined were condition factor 
(ponderal index) and relative condition factor to substantiate 
the length-weight exponents. For investigations of organ 
condition, heart, liver and brain were selected. Growth 
pattern of these organs with increase in length and weight 
of the body was compared with a view to understand the degree 
of stability or variability of vital organs and to suggest 
the most dynamic organ for determining the relative well being 
of the fish (condition) either gravimetrically or through 
biochemical changes. Liver was found most suitable. Earlier, 
Bulow (1971) also examined liver, stomach, intestine and 
muscle and highlighted the sensitivity and hence suitability 
of liver for study concerning fish condition. 
Next part of the thesis (Chapter III) gives a 
comprehensive account of the relations of fillet condition 
factor of Heteropneustes fossilis to specific gravity, RNA 
and DNA. The suggested regression models serve to emphasize 
the use of nucleic acids in evaluating the health and 
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robustness of fish. The protein and nucleic acid study was 
further extended to Catla catla. Labeo rohita and Cirrhina 
mrigala (Chapter IV); seasonal turnover of these macromole-
cules was thoroughly investigated at various stages of life 
of the fishes so that a greater ingenuity is brought to bear 
in application of molecular biology for interpretation of 
fish condition. The work assumes special importance since: 
1) it brings to light the sequence of nucleic acid changes 
which are an exception to the more generalized concepts, 
2) little information exists on seasonal changes in nucleic 
acids (Satomi and Ishida, 1976; Satomi and Tanaka, 1978a; 
Love, 1980; Bulow et a^., 1981) compared to considerable 
number of publications on changes in other chemical constituents 
related to season (woguchi and Bito, 1953; Dambergs, 1964; 
Jangaard et al., 1967a,b; Khawaja and Jafri, 1968, 1970; 
Dawson and Grimm, 1980; Shreni, 1980; Eliaasen and Yaln, 1982). 
Realizing the importance, of fish nutrition in aquaculture, 
possibility of using homoeopathic extracts as feed mixes was 
considered (Chapter V). Resxilts obtained on Heteropneustes 
fossilis were quite encouraging. The homoeopathic additives 
(Calcarea phosphorica, Watrum muriaticum and Lycopodium) were 
effective in enhancing the appetite and nutritional efficacy 
of impoverished diet in the form of raw buffalo meat of poor 
quality. It may also be added that the work opens a new 
avenue in the application of homoeopathy in fisheries and 
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holds out promise for future developments. Gonadal steroids 
were also tested on Heteromeustes fossilis for iinderstanding 
their possible influence on growth and condition. The 
problem of steroidal-treatment of fish has been reviewed by-
Donaldson ^ al. (1979) and Higgs et al. (1982). Suppressing 
or stimulating effects of androgens and estrogens on growth 
of several species of teleosts, especially salmonids have 
been documented. The present work (vide Chapters VI, VII, 
VIII) carried out on Heteropneuates fossilis reports:effects 
of a homoeopathically prepared glandular extract (Testes 5X) 
and natural ovarian steroids obtained from the same species 
on growth and food utilization, and the response of 
liver-somatic index, RNA and DNA to exogenous steroidal 
preparations (Testoviron and Ovacyclin). Besides elaborating 
the practical utility of steroids in increasing fish yield, 
the data adds to the available information vis-a-vis the 
physiological pathways in the body. Little has been done 
on steroid metabolism in fishes (Emmersen and ±iJmmersen, 1976; 
Emmersen al., 1979; Lone and iVIatty, 1980a, 1981a). 
To understand the detrimental effects of environmental 
deterioration on ichthyofauna, study envisaging the possible 
changes in liver condition and nucleic acids of Puntius stigma 
exposed to DDT was designed. DDT is widely used as an 
effective insecticide, especially in agriculture and vector 
control programs. By way of surface run-off it enters the 
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aquatic environment and there are reports of mass mortalities 
of organisms caused by DDT poisoning. Stability of the 
pesticide in the medium and body tissues exaggerates the 
problem. Unfortunately, despite considerable work on 
DKE~tozicity to fishes (Hatch, 1957; Cope, 1961; King, 1962; 
Holden, 1962; Allison ei 1963, 1964; Breidenbach and 
Lichtenberg, 1963; Johnson, 1963; Burdick et al., 1964; 
Guerrier et al., 1967; Macek, 1968; Hopkins et aj.., 1969; 
Johnson and Pecor, 1969; Willford ^ a^., 1969; Atchison 
and Johnson, 1975; Jarvinen et ai., 1977; Stauffer, 1979) 
knowledge of biochemical and physiological alterations 
induced in the body is too fragmentary. The last Chapter!IX) 
of the thesis tends to fill this vacuum. 
Main emphasis of the present work is on liver condition 
and nucleic acid concentrations of the hepatic tissue. 
RHA and DNA were selected because of their pivotal 
position in protein biosynthesis, metabolism and hence 
growth of fish. These macromolecules are a key to the 
changes that occur at cellular level and manifest in a 
wide variety ways. 'Growth pulses' so characteristic of 
life history stages of fishes reflect the underlying 
pattern of protein and nucleic acid turnovers. Notable 
contributions in the field are reviewed here:DNA concentration 
in different regions of body musculature and its change in 
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relation to season were studied in Morth Sea cod (G-adus 
callarias) by Love (1958). Creelman and Tomlinson (1959) 
noted changes in RUA and DNA concentrations in different 
tissues of sockeye salmon, Oncorhychus nerka, at different 
stages of spawning migration. Seasonally based data on red 
and white muscles of Plecoglossus altevelis and Anguilla 
•laponica have been published by Satomi and Ishida (1976) 
and Satomi and Tanaka (1978a) respectively. Biilow et al. 
(1981) outlined results of their study on seasonal fluctuations 
in MA-DNA ratios in bluegill (Lepomis macrochirus), and 
correlated the data with feeding, reproduction, energy storage 
and condition of life of the fish. The sequence of nucleic 
acid changes in relation to growth or nutritional status of 
teleostean fishes has been detailed by Bouche et al. (1970), 
Bulow (1970, 1971, 1974), Luquet and Durand (1970), Satomi 
and Nose (1971), Satomi (1972), Haines (1975), Bulow et al. 
(1978) and Satomi and Tanaka (1978a,b). Observations on 
larval fish nucleic acids are also available in the 
published record. Zeitoun et al. (1977) presented information 
on the turnover of DNA, RNA, protein and free amino acids 
during ontogenesis of rainbow trout, Salmo gairdneri. Buckley 
(1979a) analysed the nucleic acids of the larvae of winter 
flounder (Pseudopleuronectes americanus) and discussed the 
utility of RNA-DNA ratio in diagnosis of starving condition. 
The same author (1979b) also demonstrated the relationship 
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between SWA-DNA ratio, prey density and growth rate in 
Atlantic cod CG-adus morhua) larvae. Changes in RNA, DNA 
and protein contents in Pseudopleuronectes americanus 
during ontogenesis and in relation to food deprivation were 
also examined (Buckley, 1980). Recently, Haque (1984) has 
expressed some new ideas on the nucleic acid dynamics in 
fry of major carp Cirrhina mrigala supplied artificially 
formulated diet. 
Interest in nucleic acid study on freshwater fishes of 
India is growing. Jafri and Mustafa (1976) recorded the 
differences in RIJA and DiSA concentrations in the dark and 
white muscles of carp Barbus stigma. Dynamics of UNA and 
DNA turnover in the two muscle types was thoroughly investi-
gated in catfish Mystus vittatus (Mustafa and Jafri, 1976), 
and major carps, Oatla catla, Labeo rohita and Labeo bata 
(Mustafa, 1977a). Pattern of M A and protein variations in 
murrel Ohanna pimctatus as related to age and growth was 
documented by Mustafa and Jafri (1977). Quantitative 
differences in RUA and M A concentrations in red and white 
muscles, trunk and tail regions of musciilature of teleosts 
have also been outlined by Mustafa (1978a;Heterox)neustes 
fossilis) and Mustafa and Jafri (1978;Ohanna pimctatus). 
Mustafa (1979) expressed the relationship between RNA and 
protein biosynthesis, and that between each of these 
macromolecules with fillet condition factor in 
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Channa punctatus. Influence of maturation on nucleic acid 
concentration of Clarias batracb.ua was examined by Mustafa 
{1977b). Data pertaining to protein, SNA and DNA in the 
liver and brain of starved and starved-refed specimens of 
catfish Clarias batrachus was furnished by Mustafa and 
Mittal (1982a). Mustafa and Shams (1982) studied the 
heterogeneity in the nucleic acid distribution in heart, 
kidney, liver and white muscles of catfish Clarias hatrachus• 
Distribution of protein, RHA and DNA in alimentary canal of 
the same species was studied by Mustafa and Mittal (1982b). 
Mustafa and Zofair (1985) established the relationships of 
RNA and DNA and specific gravity each of the muscle tissue of 
Heteropneustes fossilis with fillet condition factor. Hague 
(1984) provided an exhaustive account of the response of 
nucleic acids in Cirrhina mrigala tissue to dietary quality. 
Mustafa and Mittal (1984) described protein and nucleic acid 
relations in ripe, unspawned eggs of Clarias batrachus. 
Heteropneustes fossilis and Labeo bata. An overwhelming 
number of investigations reviewed above signify the use of 
RNA/DNA ratio as indicator of recent growth rates, nutritional 
level and biological condition of fishes. 

LMGTH-WEIGHT PROGRESSIOil M D SOMATIC GOiMDlTION IN MAJOR 
CARPS, CATLA CATLA. LA.t3.B0 ROHITA AND GIRRHINA m i GALA 
li^TRODUCTION 
Apart from its academic importance the study of 
mathematical relationship between length and weight of 
fishes is known to yield information on general well 
being, onset of first maturity, spawning season, feeding 
intensity and suitability to environment of the animals. 
Data on these aspects is useful in rationally managing 
the populations of fishes. The formulation of the 
length-weight relation through exponential equation and 
according to LeCren's (1951) classical cube-law helps in 
determining growth in body weight per unit length. 
Undoubtedly, this provides an index of relative robustness 
of the fish. The present study was designed to obtain 
information on the growth and general well being of three 
species of major carps, Oatla catla. Labeo rohita and 
Cirrhina mrigala stocked in combination in a pond. It was 
believed that data would throw light on compatibility of 
the species, an essential condition for polyculture. 
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MATERIALS AND METHODS 
Pishes forming the basis of present study were 
collected from a freshwater pond (area = 8000 sq.m, 
total depth 8 ft) at Aligarh (Lat. 2?^ 34' 30" N, 
long. 78° 4' 26" E) by the help of cast nets during the 
period October 1981 to July 1982. Samplings were carried 
out on monthly basis and 100 specimens of Catla catla and 
50 each of Labeo rohita and Oirrhina mrigala were caught 
in the middle of each month in the forenoon. Pishes were 
transported to laboratory and measured for total length 
and body weight. The length-weight relationship was 
calciilated by the equation: 
Log W = log a + n Log L 
where, ¥ = body weight (g) 
jb = total length (cm) 
iiog a = constant (intercept) 
n = exponent islope) 
Values of log a and b were derived by the method of least 
squares given by Snedecor and Cochran (1968). 
The condition factor (ponderal index, K) was worked 
out by the formula: 
K = X 100 
L^ 
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where, W = body weight (g) 
L = total length (cm) 
Relative condition factor (K^ )^ was computed as 
K - ^ n -
where, WQ = observed weight (g) 
¥ = calculated weight (g) c 
RESULTS 
Relationships between length and weight of Catla catla, 
Labeo rohita and Girrhina mrigala evaluated through regression 
equation and the condition factors have been tabulated 
(Table I). Deviation from the cube law is evident in growth 
of length and weight. In each species body weight varied 
more than cube of total length (Oatla catla; 3•379 times, 
Labeo rohita; 3.353 times, Girrhina mrigala; 3.177 times). 
All the specimens were healthy with length-weight exponent 
exceeding 3, but Gatla catla was most robust of the three 
as it was putting on more weight/unit length. Next were 
Labeo rohita and Girrhina mrigala• This was also indicated 
by the condition factor which was as high as 1 .366 in 
Catla catla compared to a value of 1.198 in Labeo rohita 
and 1 .035 in Girrhina mrigala» High coefficient of 
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correlation between length and weight, and small standard 
error of mean of condition factor implied strong progression 
in growth of length with that of weight. Relative condition 
factor also did not differ appreciably from 1.0, showing 
lack of appreciable difference between observed and 
empirically calculated weight (derived from the regression 
equation). 
DISCUSSION 
The three species of major carps, Catla catla. Labeo 
rohita and Oirrhina mrigala showed remarkable compatability. 
Their growth and biological condition were fairly good when 
cultured in combination in closed environment of the pond. 
The interspecific differences in the character of growth 
and ponderal index may be due to genetic constitution ajid/or 
nature of interaction with environmental factors. The 
carps differ in fimctional and place niches. Habitat 
partitioning vis-a-vis trophic and spatial segregation of 
these 'sympatric' carps is an important aspect of their 
biology. Earlier studies (Khan and Siddiqui, 1973; 
Jhingran, 1982) have explicitly indicated that Gatla catla 
feeds in the surface layers of water, Labeo rohita prefers 
middle-zone whereas Oirrhina mrigala is largely a bottom 
feeder. Author considers this zonation in food procurement 
an adaptation to minimize interspecific competition for 
- 16 -
food and space and maximize exploitation of food resources 
of the various segments of environment. Inasmuch as 
hydrological conditions and qualitative as well aa 
quantitative production of food items varies with the 
habitat zone, the influence which such factors exert on 
fishes is imderstandable. In stationary water of ponds the 
upper layers of water are more oxygenated and rich in 
plankton. This can account for better growth of Gatla catla. 
Jafri et al. (1978) and Mustafa (1978b) have presented 
elaborate accounts of the hydrobiological factors of pond 
environment and their influence on ichthyofauna. Profound 
effect of oxygen and food supply on survival and health 
status of the inhabitants was especially emphasized. 
It is likely that the differences in the efficiency 
of food utilization, coversion of food into flesh, nutritional 
efficacy and calorific value of the respective diets result 
in growth rate variations. Of the three species Catla catla 
consimed more proteinaceous diet containing as much as 
58.4^ of animal matter in the form of" zooplankton (Das and 
Moitra, 1965). It is very well documented that growth of 
fish is very closely related to protein intake (Belong 
^ al., 1958; Dupree and Sneed, 1966; Nose and Arai, 1972; 
JIustafa and Jafri, 1977; Haque, 1984; Rahman, 1984). If the 
views of Mustafa and Ansari (1985) expressed for Gudusia 
chapra. a teleostean fish of tropical reservoirs of India, 
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are given credence, the 'routine' variations in the growth 
as observed in Catla catla, Labeo rohita and Cirrhina 
mrigala are too small to linked to genome. They can at 
best be related to ecological factors. 
The range of intraspecific variations in growth were 
narrow and limited. Since fishes of the three stocks were 
virgin and did not acquire maturity, the differences in 
condition do not owe to events in the internal environment 
like gonad buildup or breeding cycle; there remains the 
possibility of external factors, particularly thermal 
regimes and food supply that may cause fluctuations in 
fishes' condition. Detailed information on the influence 
of the multitude of such factors is available in the work 
of Jafri ^ al. (1978), Mustafa (1978b) and Mustafa and 
Ansari (1983). In tropical environment, even external 
factors did not profoundly effect the condition (K) as 
indicated by small standard error of this parameter (Table I) 
It is also evident from the same table that the relative 
condition factor (K^) also did not differ appreciably from 1. 
There was little discrepancy between observed and calculated 
body weight. This shows that progression between length 
and weight was fairly constant and even if pulses of 
growth in the two variables (length and weight) were not 
entirely coincident in terms of time, the encroachment 
was large enough. This is against the views of Qasim (1957) 
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who reported that growth in weight alternates with that 
in length in Blennius pholis. 
SUMi'-iARY 
Length-weight relationship and condition of three 
species of major carps, Catla catla. Labeo rohita and 
Girrhina mrigala were studied. Body weight of fishes grew 
more than thrice the body length. Catla catla was most 
robust of the three, followed by Labeo rohita and Cirrhina 
mrigala. Condition factor maintained the same progression 
as length-weight exponent. Relative condition factor did 
not differ appreciably from 1 . Data exhibited remarkable 
constancy in growth of length and weight. 
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AijlOMiSTRIC SGAiili^ G OF SOiyiE INTERNAL ORGAETS IN 
HETEROPNBUSTES FOSSILIS AND GHANNA PI3NCTATUS 
INTRODUCTION 
The process of allometric growth and scaling arise 
from the interaction of a pair of simple geometric and 
functional relationships but these relationships are often 
seen to lack explanation (G-ould, 1975)* A survey of 
literature of embryology, growth studies, biological 
dimensional analysis, physiological ecology, evolutionary 
ecology, paleontology, systematics, locomotor mechanics 
and energetics reveals a wide range of scaling relationships 
which are hitherto unexplained (Sweet, 1980). Obviously, 
interpretation of allometric relations of various internal 
organs with a functional bias assumes considerable 
importance. This has been attempted here. 
It is well known that depletion of nutrient reserves 
of internal organs of fish or their accumulation therein 
under different conditions of life results in noticeable 
changes in the weights of the concerned organs. Intensity 
of feeding and cycle of sexual matiiration are two of the 
factors known for their profo\ind influence on biochemical 
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constituents of fishes. An overwhelming number of studies 
point out that liver is the most vulnerable site for the 
turnover of the nutrients (Fontaine and Hatey, 1953; 
Chang and Idler, 1960; Bulow, 1971; Hustafa, 1976; Shams, 
1980, Mustafa and Mittal, 1982a). 
Vital organs like heart and brain maintain remarkable 
stability; virtually all of their constituents remain intact 
for unimpaired functioning, even under extremely stressful 
condition (Mustafa, 1976) which do not spare intestine, 
liver, kidney, muscle, etc. Study of the condition of 
internal organs as evaluated through their weight is, 
therefore, of considerable importance in understanding the 
physiological response of fish body to intrinsic and 
extrinsic factors. The present report based on two air 
breathing teleosts heteropneustes fossilis and Channa punctatus 
attempts to furnish information on these aspects and also 
on interspecific differences. 
MATERIALS AInTD JDSTHODS 
Live specimens of Heteropneustes fossilis (total length 
18-54 cm; body weight 34-279 g) and Channa punctatus (total 
length 10.5-24.5 cm; body weight 14-170 g) were procured from 
local ponds at Aligarh and reared in aquaria. Water in 
aquaria was changed daily. During the experimental period 
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the fishes were fed to satiety level with frozen minced meat. 
After recording the total length and body weight of fish the 
internal organs (heart, brain, liver) were dissected out, 
placed on blotting paper to remove the adhering fluid. Heart 
was emptied of its contained blood. Gall bladder was detached 
from the liver and discarded. Weights of internal organs were 
recorded on a sensitive electric balance. The cardio-somatic 
index, cephalo-somatic index and hepato-somatic index, termed 
in short as heart ratio, brain ratio, and liver ratio, 
respectively, were calculated by the following formula: 
Wet weight of the concerned organ, g .. ^ ^ QQ 
Wet weight of the fish (-gonad weight)g 
Heidinger and Crawford (1977) have emphasized the 
importance of deleting gonad weight from intact body weight 
in determining the ratios of the internal organs and also 
suggested the exclusion of gall bladder before recording the 
liver weight. Only female specimens were selected for 
study since males were not available in adequate numbers. 
The relationships of the weight and ratios of the 
various organs with the total length and body weight of 
fish specimens were expressed by the following stsindard 
regression equation: 
Log Y = log a + b log X 
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Where Y was the weight (g)/ratio of the organ, 
X was the total length (cm)/body weight (g) of the fish, 
log a was the intercept of the regression line, 
b was the slope of the regression line. 
Log a and b were evaluated by the standard method of least 
squares (Snedecor and Cochran, 1968). 
In this work, the values used for plotting in Pig. 1 
as well as deriving the regression equations are in log^Q, 
obtained by multiplication of the arithmetic values of the 
various measurements of the body and internal organs by 100. 
RESUIiTS M D DISCUaSION 
Weight of the heart, brain and liver seem to be fairly 
correlated with both weight and length of the body in 
Heteropneustes fossilis and Channa launotatus (Table lA, II; 
iTig. 1). The value of slope in the regression analysis of 
these relations (Table II) revealed that weight of the heart 
varied 0.68 times the body weight and 3.17 times the body 
length in Heteropneustes fossilis. whereas in Channa punctatus 
heart weight was 0.81 times and 2.68 times the body weight 
and body length, respectively. Other workers have also 
foimd heart-body weight relationship with a slope appreciably 
less than 1.0. Poupa and Ostadal (1969) reported a slope of 
0.74 for poikilotherms, 0.89 for birds and 0.85 for mammals. 
Figure - 1. Allometric relations of some internal 
organs (heart, — . — . —.; brain ; 
liver, ) uf ileteropneiistes fossilis 
(left side) and Channa -pxinctatus (right 
side). 
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Glaridge and Potter (1974) worked out the respective slopes 
for different stages of the life cycle of lampreys as 
1.03-1.04 (Petromyzon marinus); 0.97-1.19 (Lampetra fluviatilis) 
0.92-1.15 (Lam-petra planeri). Higher heart ratio in Ghanna 
punctatus (0.109) compared to Heteropneustes fossilis (0.073) 
is no doubt due to difference in the size and weight of heart 
relative to body in these species; heart weight proportionate 
to body weight must evidently be greater in the catfish. 
Presumably the nature of myocardial organization may be the 
basis. The muscle fibres in the myocardium may be more 
densely packed in Ghanna punctatus whereas in the heart of 
Heteropneustes fossilis the a^-rangement of fibres may be 
loose. The compactness of heart muscle is known to increase 
the efficiency of this organ, enabling it to increase its 
metabolic activity (Glaridge and Potter, 1974). Findings 
of Hill and Potter (1970) and Potter and Rogers (1972) 
substantiate this theory. Grande and Taylor (1965) and 
Poupa ^ al. (1970) went to the extent of making strong 
correlation between heart ratio and activity of fish. 
Increase in the heart weight with length and weight 
of body signifies that myocardium thickens and becomes 
more dense in structure during the growth process. However, 
the progressive decline in the heart ratio with increase in 
body length and weight (Table IB and Fig. 1) is almost 
certainly due to increase in body weight at a rate faster 
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than tloat of the heart. 
Brain weight scales in proportion to the 0.139 and 
0.537 power of the body weight in Heteropneustes fossilis 
and Channa punctatus. respectively, and 0,864 power of body 
length in Heteropneuates fossilis and 1.055 in Channa 
punctatus (Table II). The slope of the regression relation-
ship in these parameters suggests that fish of fairly large 
range in length and weight have approximating brain weight. 
Thus exponentially declining curves were obtained when brain 
ratio was plotted against increasing body length and weight 
(Table IB; Fig. 1) revealing that relative growth of brain 
in weight lags farther behind the progression in length and 
weight of body of the fish. Landry (1980) also observed 
almost no change in the brain size of several ectotherms 
over the range of 0.100 gms of body weight, but noted 
dramatic enlargement of brain size in endotherms. 
The slope of logarithmic relationship between liver 
weight and body weight was close to 1.0 (Table II), 
(precisely 0.97 in Heteropneustes fossilis and 0.93 in 
Channa punctatus). This closeness of the value to unity 
suggests that the rate of gain in liver weight approximates 
the growth in body weight, and emphasizes a tendency of 
liver weight to scale isometrically with respect to intact 
body weight. Linearly close progression of liver ratio with 
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the body length and weight strengthens this fact (Table IB, 
Fig. 1). This tendency, however, falls short of obliterating 
the allometry on howsoever small scale it exists. Hence the 
regression line involving the liver ratio riins nearly but 
not completely parallel to the abscissa (Fig. 1). When liver 
weight is considered in relation to growth in length, 
allometric coefficient of 3.82 (Heteropneustes fossilis) and 
2.88 CChanna pimctatus) were obtained (Table II), showing 
that this organ adds weight a little less than foiir times the 
body length in catfish and a little less than three times the 
body length in the murrel. Interspecific differences 
evidently exist in the allometric coefficient for liver 
weight/body weight and liver weight/body length, with higher 
coefficient in Heteropneustes fossilis exphasising that gains 
in weight or length of body of this fish accompany propor-
tionately greater increase in liver weight. Liver weight 
increases chiefly by the accumulation of glycogen ajid fat 
(Phillips et aa., 1960; Phillips, 1969; Kott, 1971; 
Edward ^ 1972; Hinton et aJL., 1972; Shulman, 1974; 
Bratland et al., 1976; Jensen, 1979). With growth of the 
body more and more quantities of these nutrients are stored 
in the liver. This is advantageous since fishes become more 
fecund as they grow and the increasing quantities of organic 
constituents of the liver are mobilised and supplied towards 
gonad buildup, while keeping the metabolic integrity of the 
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liver intact. It is thus interesting to note that liver 
weight and fecundity both increase two-to-three times the 
rate of increase in body length of the fishes. Qasim and 
Qayyum (1965), Bhargava (1971) and Bhatt, ^ al. (1977) 
have documented these fecundity-body length relations in 
the fishes. 
Several workers have reported fluctuations in liver/ 
body weight ratios and correlated them with gonadal 
maturation and feeding intensity, etc. (Judd and Cross, 1966; 
Antsyshkiha- et a^., 1971; Tyler and Dunn, 1976). According 
to Jensen (1979) liver/body weight ratio could not be used 
as a true index of fish condition especially its nutritional 
status, due mainly to considerable difference in the response 
of liver and condition to various ecological and biological 
factors. The same author pointed out the utility of 
biochemical analysis in furnishing data important in 
evaluation of the physiological condition of the body. 
SUMMARY 
Good correlations existed between the weight of heart, 
brain, liver each and weight as well as length of the body 
in teleosts, Heteropneustes fossilis and Ohanna punctatus . 
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Relationship of cardio-somatic, cephalo-somatic, and 
hepato-somatio indices with the body length and weight 
were also worked out. The three investigated organs were 
foTind to scale allometrically with the body in varying 
degrees. Uature of these relations were discussed. 
Interspecific differences observed in various parameters 
outlined have been interpreted. 
Table lA. Weight of some internal organs of Heteropneustes fossilis and 
Ghanna ip-unctatus of different body lengtb-s and weights. 
qr^pf^ipc^  of f-iQh Weight of internal organs (g) bpecies ot lish Lg^ g^ j^  Weight 
(cm) (g) Heart Brain Liver 
Heteropneustes 
fossilis 19.5-34.0 54-279 O.O3O-O.II 0.125-0,195 0.410-2.995 
(24) (24) (24) 
Ghanna 
pimctatus 10.5-24.514-170 0 . 0 1 5 - 0 . 1 5 0.070-0.165 0.185-1.670 
(24) (24) (24) 
Values in parentheses indicate number of observations. 
Table Ii3. Ration of some internal organs of Heteropneustes fossilis and 
Ghanna punctatus of different body lengths and weights 
Total Body Ratios of internal organs 
Species of fish Length Weight 
(cm) (gj Heart Brain Liver 
Heteropneustes 
fossilis 18-34 34-279 0.090-0.O42 0.398-0.104 1.413-1.943 
(19) (23) (22) 
Ghanna 
punctatus 10-20 14-119 0.129-0.082 0.578-0.138 1.161-1.527 
(19) (22) (16) 
Values in parentheses indicate number of observations. 


NUCLEIC ACIDS IN RELATION TO 'CONDITION' IN 
CATFISH HETEROP£jBUSTBS gOSSILIS 
INTRODUCTION 
In fishery biology investigations determination of 
the condition coefficient is basically meant to indicate 
the relative heaviness of fishes. This coefficient is, 
however, a quantitative measure of the deviation of mass 
of an individual from average mass for given length, and 
fails to exactly reveal the underlying qualitative changes 
in the body which can trvily be indicator of the physiolo-
gical or nutritional status of fish. Efforts have been 
made to employ certain biochemical constituents of 
significance as indices of condition or the general well 
being of fish. Caulton and Bursell (1977) reviewed 
literature wherein lipid was regarded as an important 
reserve contributing to condition, and 'fat indices' were 
derived as correlates of condition. In a recent commtuai-
cation Mustafa and Jafri (1981) emphasised the importance 
of fat and glycogen levels as indicators of living condition 
in catfish Heteropneustes fossilis. Some other constituents 
used for the purpose include protein and RNA. Realizing 
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the fact that growth is mainly a function of protein 
biosynthesis, Iiove (1962) used protein concentration as 
an index of condition in cod G-adus morhua. Based on the 
assumption that SNA is chiefly responsible for protein 
synthesis in the body which accomplishes the growth, 
Mustafa (1979) pointed out the utility of these organic 
constituents in explaining condition in murrel Channa punctatus 
The present study was followed up to find out the relation of 
RNA and M A concentrations in flesh and specific gravity of 
the tissue with the condition index (fillet condition factor) 
in catfish Heteropneustes fossilis• 
MTjSRIALS AND METHODS 
lire specimens of the catfish of the size 25 + 0.68 cm 
(Mean + S.E.) and body weight 105.3 + 8.62 g (Mean + S.E.) 
were collected from local ponds at Aligarh and transferred 
to galss aquaria. They were fed to satiety by providing 
chopped meat at the rate of of the body weight per day. 
Unused food was siphoned off. Since males were not available 
in adequate numbers, only female specimens formed the basis 
of present study. At the time of investigation fish were 
taken out of aquaria and decapitated. Fillets were removed 
and vreighed in a sensitive electric balance. Fillet condition 
factor (C) was calculated according to the equation suggested 
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by Wilkins (1967): 
0 = X 1000 
where, ¥ and L were weight (g) and length (cm) of fillet. 
Specific gravity of white trunk muscle was determined as 
the ratio of the mass of the tissue/mass of an equal volume 
of distilled water. Sample of white muscle for analj'-sis of 
RNA and DNA was removed from the epaxial portion of trimk, 
below the place of origin of dorsal fin. 
Quantitative determinations of RNA and DNA were based 
on dry, fat-free tissue samples obtained through the technique 
of Webb and Levy (1955). Known weight of fresh tissue was 
homogenized in distilled water and treated with two volumes 
of 0^fo trichloroacetic acid (TCA). The contents were 
centrifuged at 3000-4000 rpm for 15 minutes. Supernatant 
containing acid soluble substances was discarded and the 
process repeated several times. The pellet was washed 
thrice with ethanol to remove lipoidal and remaining 
chromogenic substances. The tissue residue was washed with 
solvent ether repeatedly and placed in thermostat at 80-90°G 
for removing traces of solvent. The process ultimately 
yielded white, fat-free dry material in powdered form which 
was stored in tightly capped glass vials for assays of 
protein, RlfA and DNA. 
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RNA was extracted and estimated following the method 
described by Schneider (1957) based on the reaction of 
orcinol with the pentose sugar of RNA. Known weight of 
sample (20 mg in case of liver, for Chapters IV, 7III and 
IX, and 50 mg in case of muscle) was suspended in 2.0 ml 
of 1N potassium hydroxide and incubated for 20 hrs at 37°C. 
Thereafter the contents received 0.4 ml of 6N hydrochloric 
acid and 2.0 ml of TCA. After mixing and centrifugation 
at 3000-4000 rpm for 10 minutes the contents were filtered. 
UNA was estimated in the filterate. Orcinol was purified 
by boiling in benzene, decolorizing with charcoal and 
recrystallizing with hexane. One percent solution of 
orcinol in concentrated hydrochloric acid containing ferric 
chloride (0.5>^  W/V) was prepared immediately before use. 
1.0 ml aliquot of muscle sample (0.25 ml liver sample, for 
Chapters IV, VIII and IX) was diluted with distilled water 
to 2.0 ml and mixed with 2.0 ml of orcinol reagent. The 
mixture was heated in a boiling waterbath (100°G) for 
30 minutes and then cooled to room temperature. Loss in 
volume due to boiling was compensated by hydrochloric acid. 
After standing for 5 minutes the intensity of greenish color 
developed was read at 660 mp. wavelength after setting the 
instriiment to zero density with the blank. Blank was 
prepared by substituting the RNA extract with distilled 
water and processing the content in a similar way. Values 
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were read off against a calibration curve (Fig. 1) relating 
optical density to microgram of RNk. Purified yeast EiJA 
served as the standard. 
DNA was extracted by the procedure of Webb and Levy 
(1955). Measured weight of sample (20 mgrliver; 50 mg:muscle) 
was suspended in 5*0 ml of TCA. The suspension was heated 
in boiling waterbath for 30 minutes and then cooled to room 
temperature in running tap water. loss of volume during 
boiling was made up by cold TCA. The sample was filtered 
and the DiiA quantitated in the filterate according to the 
technique of Ashwell (1957). 0.5 ml of MA extract was mixed 
with 0.05 ml of 5?^  solution of cysteine in water and 5*0 ml 
of lOfa sulphuric acid. Contents allowed to stand at room 
temperature for 15 minutes. The intensity of pink color 
developed by the reaction of cysteine-sulphuric acid reagent 
with deoxysugars of DNA was recorded at 490 m^ wavelength 
against the blank and compared with known values plotted in 
a calibration curve (Fig. 2). The curve was prepared taking 
highly polymerised calf-thymus DHA as the standard. RNA and 
DJJfA values were expressed as ;ig/100 mg on dry fat-free weight 
basis. Color intensity was read on Bausch and Lomb Spectronic 
20 spectrophotometer. 
The relationships between different parameters 
(RNA, dm, specific gravity, each with condition) were 
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evaluated through the standard regression equation(Snedecor 
and Cochran, 1968). 
RSaULTb Ai'Jp DISCUSSION 
Results of this study show that concentration of RNA 
increases with fillet condition factor while that of the 
DNA decreases exponentially (lalole I; 5ig. 3). Ihe relation 
being more of a curvilinear nature. I'he method of graphic 
approximation of the two parameters gives a good visual 
conception of the existing relationship but the empirical 
derivation of the value of one parameter for a given value 
of the other through the regression equation (RN'A ^ g/100 mg 
= 159.487 + 255.280 C) is just not pertinent and fair 
inasmuch as the slope is not straight and the curve can be 
divided into segments each of which is nearly rectilinear, 
having its own value. A single value of slope(b) as derived 
in equation will not accurately apply to any of the different 
slopes. Discrepancy is, therefore, obtained between the 
values of RNA for particular condition found out through 
graph and the ones calculated through the equation. To 
indicate the amount of difference, we selected four points 
along differant regions of the curve to workout RNA 
concentration correlating to condition. Comparison of 
this data with the empirically determined values is given 
j^ 'igure - 3. delations of specific gravity, and 
concentrations of M A and DNA with 
fillet condition factor in 
Keteropneustes fossilis. 
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Fillet condition 
factor 
M A concentration (]ag/100 mg) 
Graphically 
evaluated 
Empirically 
evaluated 
2.05 640 682 
2.70 770 848 
2.95 860 905 
5.15 990 965 
The comparison is enough to point out that formulation of 
curvilinear relation between RNA and fillet condition 
factor in the form of one and only one equation is not 
justifiable as the RiiTA concentration tends to be over-
estimated if calculated on its basis. In an earlier 
communication Mustafa (1979) reported a linear relation 
between M A and fillet condition factor in a murrel 
Channa punctatus and evolved an equation fairly descriptive 
of this relation. However, Shams (1980) working on catfish 
Clarias batrachus suggested caution in seeking out statistical 
relations of imiversal importance on the pattern of regression 
models. Increase in RNA with fillet condition factor also 
points to the role of this nucleic acid in robustness of the 
fish in view of its involvement in protein biosynthesis and 
hence growth. Work of Mustafa (1979) on the relationship of 
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BMA and protein with condition and strikingly close 
relationship between these two components strengthens this 
view. Considerable data is also available to prove the 
correlation between RilTA turnover and growth rate of fish 
(Bulow, 1970, 1971, 1974; Haines, 1973; Mustafa and 
Jafri, 1977; Buckley, 1979b, 1980; Mustafa, 1979; Shams, 
1980; Mustafa and Mittal, 1982a). 
During gain in weight for a given length, the 
nutrients, chiefly protein, evidently accumulate in the 
cell cytoplasm, and change the specific gravity of the 
tissue in the direction of a definitive increase (Table I; 
Fig. 3). The formula that describes the relation of 
specific gravity with fillet condition factor is: 
Specific gravity = 0.870 + 0.109 C 
Muscle tissue obtained from a fish of higher fillet condition 
has higher specific gravity. It must not, however, be 
overlooked that alteration in specific gravity may be a 
common attribute of many celliilar components like fat, 
water, ash, in addition to protein. Undoubtedly the 
influence of protein overrides. In any case it is this 
variation in the specific gravity of fish tissues that 
limits the applicability of cube law in fishery investi-
gations involving length-weight relationship and condition 
of fish. 
- 36 -
Decline of M A concentration with, increase in the 
fillet condition factor (Table I; Fig. 3) as seen in the 
present study, does not contradict the universally accepted , 
view vis-a-vis metabolic stability of this genetic material. 
This apparent decrease is in amount/unit weight of tissue 
and not DNA content/cell. The regression equation estab-
lishing the relationship between the two parameter is: 
DNA (pg/100 mg) = 668.199-170.116 C 
Since quantitative increase in the fillet weight and 
condition is a function of accumulation of biochemical 
constituents in cells in the form of cytoplasmic inclusions 
evidenced by rise in specific gravity of muscle tissue, a 
given voliime of tissue becomes heavier than equivalent 
volixme of sample excised from a fish of low condition and 
whose cytoplasmic reserves are in smaller quantity and 
specific gravity lower. A smaller number of cells of larger 
weight can contribute to a unit weight of sample compared to 
larger mxmber of cells of lower weights. DNA content, which 
is related to the number of cells in a tissue (Hotchkiss, 1955; 
Leslie, 1955; Bulow, 1970; Jafri and Mustafa, 1976; 
Mustafa, 1977a,b, 1978a; Mustafa and Jafri, 1978; Mustafa and 
Mittal, 1982a; Mustafa and Shams^ 1982) is greater in tissue 
sample from a depleted fish (poor condition) than the one 
obtained from robust specimens (good condition) where DNA 
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seems to be 'diluted' by piling up of substantial quantities 
of several nutrients in the cells. 
The above discussion leaves no doubt that the equations 
expressing the relation of the condition factor of catfish to 
tissue nucleic acids and specific gravity permit rapid 
assessment of even short-term changes in growth and of the 
general state of cultured fish. Field biologists and 
Fisheries management scientists require such a reliable 
factor to determine the condition of fishes after environmental 
alterations and to monitor the effects of changes in the food 
supply for its consumption by fish. 
SUMI-IARY 
A study was conducted to determine the relation of RNA 
and M A concentrations in body tissue with 'condition' in 
catfish Heteromeustes fossilis. RNA was curvilinearly 
related to condition while DNA maintained a reciprocal 
relation. Biochemical basis of changes in condition and 
their effect on specific gravity of the tissue has been 
interpreted. The said relationships have been formulated. 
I'able I. Specific gravity, concentrations of lU^TA and DNA in white 
m o d e of Heteropneustes fossilis of different fillet 
condition factors 
i^ otal 
length 
(cm) 
Body 
weight 
(g) 
m i e t 
condition 
factor 
Specific 
gravity PJ^IA 
ifxs/^00 mg) 
M A 
(jag/100 mg) 
19.0 34.0 1 .926 1 .052 653.79 399.5 
18.5 36.0 1 .957 1.111 635.90 279 .6 
20.0 40.0 1 .922 1 .052 626.97 328.6 
20.0 43.0 2.065 1 . 1 1 1 653.79 -
20.5 46.5 2.459 1.111 735.38 266 .8 
21 .0 47.0 2.079 1.111 781.20 -
26.0 100.5 2.517 1 .187 692.91 223.2 
26.5 105.0 2.821 1 .149 757.74 155.0 
26.5" 109.5 2.651 1 .178 805.98 -
28.0 129.0 2 .909 1 .194 109.19 198.4 
27.0 140.0 3.322 1 .281 990.79 80.6 
28.0 143.5 3.067 1 .204 873.96 136.4 
28.5 144.0 2.853 1 .176 1016.80 241 .8 
28.0 145.0 3.107 1 .236 1117.64 -r 
29 .0 146.0 2.706 1 .153 936.54 -
28.0 147.0 3.21 6 1 .301 1169.00 -
28.5 148.0 2.984 1 .227 1 00919 167.4 
29.0 153.0 2.850 1 .155 832.61 24.8 
28.0 154.0 3.159 1 .260 905.25 -
28.5 159.0 3.073 1 .219 905.25 -
29.0 163.0 3.114 1 .179 1049.13 -
50.0 164.0 2.751 1 .194 1094.13 99 .2 
29.0 184.0 3.126 1 .169 757.73 111.6 
31.0 194.0 3.148 1 .208 832.61 179.8 

SBASOIUL TURiTOYBR OF PROTBIiN, AND DNA IN MAJOR CARPS, 
CAT LA CAT LA. LABEO ROHITA AND GIRRHINA m S A L A 
INTRODUCTION 
Study of seasonal variations in biochemical makeup of 
fishes forms an important and interesting aspect of the 
chemical biology. Attempts have been made to correlate the 
turnover of chemical constituent with the factors of 
internal and external environments of these poikilothermal 
animals. Of all the extrinsic factors, temperature and 
food supply are known to profoimdly influence the body 
composition. Amongst the intrinsic factors (the life 
processes), the most effective ones include the growth 
pulses, appetite and sexual maturation. Despite considerable 
data on seasonal biochemical cycles of fishes (Noguchi and 
iiito, 1953; Dambergs, 1964; Jangaard et aj.., 1967a,b; 
Khawaja and Jafri, 1968, 1970; Banerjee and Bagchi, 1969; 
Abdelmouleh gt aj,., 1980; Dawson and (rrimm, 1980; Shreni, 
1980; Bliaasen and Vain, 1982) little information is 
available on the dynamics of changes in nucleic acids 
(Satomi and Ishida, 1976; Satomi and Tanaka, 1978a; 
Love, 1980; Bulow et al., 1981). The present study was 
designed to analyse the behaviour of protein, RNA and DNA 
in fish tissue associated with the natural 'biological clock' 
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of three economically most important species of carps, 
Catla catla. Labeo rohita and Cirrhina mrigala which 
constitute capture and culture fisheries of great magnitude 
in the plains of the Indian sub-continent. The interaction 
of exogenous and endogenous factors manifesting ultimately 
on the overall living standard of the fishes and on the 
macromolecules studied have been thoroughly elaborated. 
Liver was selected for these investigations since earlier 
work has unambiguously proved the sensitivity of this 
internal organ (Bulow, 1971; Satomi and Ishida, 1976; Satomi 
and Tanaka, 1978a). 
IvIATBRIALS AND M H O D S 
Specimens of Catla catla. Labeo rohita and Cirrhina 
mi-i gal a belonging to the first year class were captured from 
a culture pond at Aligarh. The live specimens were trans-
ported to laboratory under plastic tanks. Sampling was 
carried out at monthly interval from October, 1981 to 
July, 1982 and at fixed hours in the forenoon. Out of 
each catch 100 specimens of Catla catla and 50 each of 
Labeo rohita and Cirrhina mrigala were randomly set aside 
for the investigations. Disparity in the number of 
observations was due to the composition of catch in which 
Catla catla predominated. Immediately on arrival at the 
laboratory the fishes were measured for body length, weight 
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and decapitated. Without loss of time tlie liver of each 
individual was dissected out and weighed on a sensitive 
electric balance. Ponderal index (condition coefficient,IC) 
was determined "by the formula given in Chapter I. 
The liver-somatic index (jjSI) was calculated by the 
formula: 
LSI = T \ ^ 100 Intact body weight(g) 
Examination of gonads revealed that fishes were in immature 
phase, according to the I.C.E.S. scheme detailed by 
Qasim (1973) and successfully adopted by Mustafa (1977b). 
Known weights of liver sample were processed for 
obtaining dry, fat-free tissue powder according to the 
methodology described in Chapter III. This fat-free dry 
material was used for quantitative determination of protein, 
RNA and DNA. The techniques employed for extracting and 
estimating RNA and DiSfA were the same as outlined in 
Chapter III. Protein was assayed by the procedure of 
Lowry ^ a^. (1951). 10 mg dry, fat-free tissue sample 
was suspended in 1.0 ml of IN sodium hydroxide* The contents 
were heated for 20 minutes in boiling waterbath. This 
ensured digestion of the tissue. Thereafter the contents 
were cooled in running tap water and their volume was 
raised to 10.0 ml by distilled water. Following thorough 
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mixing 0.1 ml of the aliquot was taken in a test tube and 
diluted to 2.0 ml with distilled water. 1.0 ml of carbonate 
copper solution was added and the mixture allowed to stand 
for 10 minutes at room temperatizre. After incubation 0.1 ml 
of 1:1 Polin-phenol reagent was mixed and the contents were 
left at room temperature for 30 minutes. A blank was also 
prepared by taking 0.1 ml of the mixture containing IN 
sodium hydroxide and 9 part distilled water and treated in 
similar way. The intensity of blue color developed was 
read at 500 m^ wavelength against the blank. The concentration 
of protein was calculated by the help of a calibration curve 
(Pig. 1) prepared by using bovine serum albumin as the 
standard. Protein was expressed as mg/100 mg and UNA and 
DNA as jug/lOO mg dry, fat-free tissue. 
RESULTS MI) DISCUSSION 
The seasonal cycles of liver condition and concentrations 
of protein and nucleic acids in this organ of teleosts, 
Catla catla. Labeo rohita and Cirrhina mrigala have been 
tabulated (Tables I-III) and represented graphically (Fig. 2). 
The striking similarity in the pattern of seasonal fluctnation 
in these parameters points to the identity in biochemical 
adaptations of the three species of carps investigated. 
However, relatively faster growth rate, higher weight per 
unit of body length as evidenced by greater ponderal index 
Figtxre - 1 . Standard curve of Protein. 
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(Catla catla. 1 .366 + O.OU; Labeo roliita. 1 .198 + 0.020; 
Girrhina mrigala. 1.035 + 0.011) and more profoxmd tT^rnover 
of RNA in Oatla catla signifies better growth potentiality 
of this species \mder the same ecological conditions. These 
seasonal changes seemed to he effected by factors of both 
external and internal environment of fishes, acting directly 
or indirectly through intricate links, 'rfinter was a period 
of stunted growth, low 'condition' and .'poor biochemical 
make-up, whereas summer was generally characterized by 
faster growth and accumulation of biochemical reserves except 
when life processes involved depletion of stored nutrients. 
If the changes in liver condition are considered in 
the light of some known facts of the biology of fishes, 
their close relation with food intake-energy storage 
processes is discernible. Liver provides an important site 
for storage and mobilization chiefly of fat and glycogen. 
From October onward as far as early winter feeding intensity 
of fish is generally high (Khan and Siddiqui, 1973). This 
is responsible for laying down of excess nutrients in the 
liver and gain in its weight. G-iving credence to the views 
expressed by Love (1980), accumulation of biochemical 
constituents in liver can be considered as an adaptation 
of fish to keep the nutrients in reserve for the forthcoming 
winter season known for marked decline in food intake of 
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poikilotherms. Decrease in liver-soma"tic index is in fact 
a manifestation of mobilization of hepatic depots for life 
sustaining functions. Resumption of active feeding by the 
commencement of summer leads to recovery of liver-somatic 
index following April and upto June. The magnitvide of 
trophic factor is to a certain extent modified by certain 
intrinsic and extrinsic factors. The nature of the relation 
of environmental variables with organ condition and intrinsic 
processes is interestingly reflected by seasonally-based data 
on nucleic acid turnover. Certain facts about RNA and M A 
contents need elaboration before discussion of their 
seasonal changes. Under normal biological conditions, RNA 
concentration can serve as an index of the rate of protein 
biosynthesis (Brachet, 1955; Leslie, 1955; Bulow, 1970; 
Mustafa and Jafri, 1977; Mustafa, 1979), and metabolic status 
of the tissues. It is fairly dynamic and labile. Quantity 
of DNA/unit weight of tissue is related to number, volume 
and weight of cells in the samples (Bulow et aJ.., 1981; 
Mustafa and Mittal, 1982a; Mustafa and Shams, 1982). The 
DNA content of individual cells, however, maintains 
remarkable stability even under ecological and physiological 
stress (Hotchkiss, 1955; West and Todd, 1963; Mustafa and 
Mittal, 1982a). The RNA/DNA ratio in a sensitive organ 
like liver reveals how well a fish is nourished and growing 
(Bulow, 1971; Bulow et aa., 1978). The turnover of RNA and 
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DNA maintained the same trend which was reciprocal to that 
of protein. On the face of it, a negative progression 
between IffiA and protein seems paradoxical in the light of 
earlier findings of Mustafa and Jafri (1977), .Mustafa (1979) 
and I'lustafa and Mittal (1982a) emphasizing the role of 
as the organizer of protein biosynthesis. However, when 
the quantities of these macromolecules per unit weight of 
dry, fat-free tissue are considered the present data are 
no surprise. After the extensive removal of acid-soluble 
substances, defattening and dehydration involved in processing 
of samples for chemical assays, the protein, SUA, DIJA are the 
ones that remain intact and are rather the main substances 
» 
left in cells whose biochemical constituents have been so 
extensively drained out. As a matter of fact, any change in 
protein mass will be gravimetrically adjusted by the nucleic 
acids. The quantitatively inverse relation between protein 
and nucleic acids must be viewed in this light. If a tissue 
sample already deprived of substantial amounts of its 
constituents is to further loose the protein, it is certain 
that a larger number of underweight cells with a preponderance 
of Ri-JA and DwA will be required to make an equivalent weight 
of the sample. This is just a compensatory adjustment and 
may also imply variation in the pathways of the synthesis 
of nucleic acids in the living cells. Percentage of protein 
declined from October to December but concentrations of M A 
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and DMA as well as the value of liver-somatic index increased 
in these months. Lowering of environmental temperature 
(onset of winter) may have affected feeding activity or caused 
a decrease in the protein assimilation efficiency of the body 
to the level unmatched by its mobilization. In such a case 
increase in RNA/DNA ratio can not imply enhanced protein 
synthesis. Rather, this study strikes a note of caution 
against a ruthless use of the ratio technique in assessing 
protein level and general robustness of fish. Steady rise 
in liver-somatic index implied that \mlike protein which was 
singled out the storage of glycogen, fat and water went 
unhindered. Findings of Love (1970, 1980) formulating 
'protein-water effect' expose water as a protein substitute 
under a physiological condition of the fish characterized by 
failure of the capacity of maintenance of biochemical reserves 
That fat and glycogen preferentially accumulate in the liver 
for overwintering in anticipation of poor feeding intensity 
in this season is obvious from the views expressed by 
Nikolsky (1965). It is quite well known that fat safeguards 
the body from winter temperature and glycogen serves as the 
most readily utilizable source of energy. Interestingly, 
insofar as the fishes during these months are primarily 
concerned with piling up of those organic substances (fat and 
glycogen) that happen not to play a leading role in growth, 
a phenomenon largely accomplished by protein, it will be 
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contrary to facts to identify increase in RNA/DNA ratio with 
the growth process. Besides explaining the fluctuations in 
the mechanism of conservation of different biochemical 
nutrients in the body, this line of investigation emphasizes 
the necessity of irnderstanding the internal environment before 
applying the RIA/DNA ratio method for its coventional purpose. 
Subsequent to December upto February protein remained fairly 
stable, but M A , DNA, RUA/DNA ra-tio, liver-somatic index 
declined in January and recovered to some extent in February. 
January being the peak winter month, it is likely that marked 
reduction in the food intake may be linked with the biochemical 
picture obtained. Bouche (1975) has reported decrease in the 
levels of messenger, transfer and ribosonal RNAs in carp 
liver during winter. Evidently, the little quantity of 
nutrients entering the body failed to meet the maintenance 
requirements, needless to say to provide for storage in liver. 
Since protein remained stable, the preformed fat and glycogen 
of the liver were targeted for mobilization to deal with the 
metabolic requirements of the body. Protein stability in 
this period strengthens the view that the fish prefers 
accximulation of glycogen and fat to protein and these two 
non-nitrogenous energy nutrients along with water increase 
the liver-somatic index from October-December. Hochachka 
and Hayes (1962) have demonstrated enhanced glycolysis in 
the tissues of cold acclimated fish. Cryobiochemical work 
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reviewed by Hochachka and Soaero (1971) clearly explains the 
conversion of sugars to fatty acids and the latter's role 
in maintenance and general metabolic requirements of fishes. 
Love (1980) has described this regulation of assimilated 
energy in the body in response to ecological factors as one 
of the most meaningful and need-based adaptation of the fish 
to keep the metabolism as near normal as possible, ihen 
catabolism of glycogen and fat proceeds their substitution 
by water must be limited and the entire quantity of glycogen 
and fat replaced can not be compensated by water in the 
interest of homeostasis, if the cells are to thrive. In this 
situation the decline in liver-somatic index is expected. 
Under this stressful condition Ri^ A met the same fate as 
other cytoplasmic inclusions and registered a decline. V/hile 
these changes are taking place little increase in protein 
'dilutes' the DNA but this dilution of DlIA content can be 
attributed exclusively to the gravimetric adjustment of 
constituents in unit weight of tissue as explained earlier in 
this discussion. Possibility of an actual breakdown of DNA 
can be ruled out. Fall in iil^ A/DITA ratio provides support 
to this hypothesis, since it can occur when RNA loss 
exceeds the decrease in DNA concentration. Changes in 
external environment in February when winter tends to wane 
out, are accompanied by turnover in the direction of reversal 
of pathways in the internal environment of the fish. The 
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food intake must increase and perhaps the efficiency of 
protein synthesis from the raw materials in the diet enhances 
to sustain the growth processes. Notable increase in the 
protein concentration in March explicits that besides its 
diversion to growth, nutrient also piles up in the liver. 
This manifests in decline in the concentration of RNA and 
DNA. A significant downward trend in liver-somatic index 
indicates that replacement of water has begun to pave the 
way for protein synthesis but the lability of protein is 
far too slow to match that of water. In April when the 
quantities of two tend to balance, the liver-somatic index 
shows no significant alteration, although the decrease of 
protein is evident, but not accompanied by any notable 
sequential variation in nucleic acida. Worth elaborating 
are the changes occurring in May and Jime, since during this 
period the liver replenishes the lost amount, possibly 
through some hitherto linexplained endogenous 'feed back 
mechanism', which turns out a larger quantity of protein 
at the expense of water in the liver cells. Inasmuch as- the 
specimens investigated were virgins and in pre-maturity 
phase, the biochemical changes can not be linked with 
build-up of gonads in this breeding season of mature fishes. 
In the absence of this powerful factor of internal environm.ent, 
the fishes maintain the positive trend of feeding intensity, 
food assimilation and growth in the warm water environment. 
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A larger quantity of KWA is synthesized. This activity is 
obviously the result of food intake and gene-derepression. 
The published information available to date leaves no doubt 
on the close relation between amount of food consumed and 
RHA level of tissues (Brachet, 1955; leslie, 1955; 
Bulow, 1970, 1971; Mustafa, 1977b; Buckley, 1979b, 1980; 
Hustafa and Mittal, 1982a). That the RNA is instrumental 
in epigenetic synthesis of protein has also been explained 
by these authors. Regarding 'gene derepression', the 
operation of this phenomenon in case of recovering spents 
of catfish Clarias batrachus has been outlined by Shams(1980) 
If the views of Love (1958) and Mustafa (1977b, 1978a) are 
given credence, epigenetic M A synthesis must be taken for 
granted to control the volume of cell cytoplasm growing 
due to accumulation of larger quantities of protein, RNA, 
etc. No doubt, water is replaced to give way to the organic 
substances, but hyperplasia of hepatic cells of recovering 
fishes must also be considered. Increase in liver-somatic 
index justifies this view, and points to the fact that the 
change is not Just a substitution relationships between 
various chemical constituents for striking a balance in 
weights and volumes. In the situation thus obtained, 
increase in RNA/DNA ratio must be relied upon as indicator 
of protein synthesis and growth. 
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Outbreak of monsoon, characterized by torrential 
rains and flooding of environment seemed to bring about 
decline in liver-somatic index, concentrations of protein 
and nucleic acids. With abrupt rise in water level, sharp 
decrease in amount of food/unit volume of water is quite 
obvious. This may account for marked decrease in food 
intake. Earlier publications emphasize that deprivation 
of fish of adequate amovint of food causes decrease in 
protein level, increase in that of water (Love, 1970, 1980; 
Mustafa, 1983), loss of RNA, and lowering of liver-somatic 
index (Bulow et al., 1978; Mustafa and Mittal, 1982a), 
decline in RNA/DMA ratio (J3U1OW, 1970). Presumably the 
stress condition identified adversely affects the cytoplasmic 
M A rather than the one housed in the nucleus. The response 
of DHA, however, needs more investigations. 
SUMMARY 
Seasonal variations in protein, M A , DMA and RliA/DKA 
ratio were studied in the liver of major carps, Gatla catla, 
Labeo rohita and Qirrhina mrigala during their prematurity 
phase. These biochemical parameters maintained stikingly 
similar pattern of change in the three species. Turnover 
of nucleic acids was reciprocal to that of protein. Magnitude 
of such interrelation, however, varied with the season. 
Protein level was generally low during winter and high in 
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the axunmer months, attaining peak values in March and June. 
Higher concentrations of M A and DNA were registered in 
December and June and sharp decline was evident in January 
as well as July. During the remaining months, protein, 
HI^ A and DNA varied intermittently, but not profoundly. The 
biochemical data were correlated with dynamics of change in 
liver-somatic index. The fluctuations in the liver condition 
and the macromolecules studied have been interpreted in the 
light of the sequence of events in the internal and external 
environments of fishes. 




iSPFECTS OF DIETARY HOMOEOPATHIC INGREUlEiMTS ON POOD CONVERSION 
EFFICIENCY, PROTEIN UTILIZATION AND PROTEIN-NUCLEIC ACID 
RELATIONS IN THE CATFISH HETER0PNBU3TE3 F0S3ILIS 
INTRODUCTION 
A survey of literature shows vrorldwide interest in 
formulating balanced fish diets rich in organic substances 
like proteins, fatty acids, vitamins etc. and supplemented 
by minerals. However, high cost of several compounded feeds 
makes their use quite imeconomical. ¥e are of the view that 
artificial feeding can be feasible if the efficiency of 
utilization and nutritional efficacy of the impoverished 
food stuffs is improved through cost-effective feed mixes 
of proven growth-promoting effect in the farm animals. 
Exhaustive efforts in this direction involving considerable 
preliminary trials of many ingredients led the authors to 
consider the use of homoeopathic extracts. Performance of 
feeds supplemented with three homoeopathic formulations 
Calcarea phosphorica, Watrum muriaticum and Lycopodium was 
studied on a commercial catfish Heteropneustes fossilis. 
First two of these products are prepared from minerals 
whereas the third one is obtained from tracheophyte plants. 
These extracts maintain/restore health of organism by 
provoking the 'vital force' of the body which is responsible 
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for harmonious operation of both sensation and ftinction. 
These formulations can be procured conveniently and are 
little affected by a general imiversal inflation in the 
cost of materials. Some other properties of these 
substances which weighed in favour of their use as feed 
mixes include high potency (effectiveness in minute 
quantities), long-lasting role, a general lack of side 
effects and non-addictive nature. 
I'lATERIAlS M D i^ IBTHODS 
Heteropneustes fossilis (total length 10-16 cm and 
body weight 8-20 g) were collected from freshwater bodies 
at lligarh, brought to laboratory aquaria (75 -X 28 X 30 cm) 
and acclimated for 10 days. During this period the fish 
were fed fresh minced meat of buffalo to satiation. This 
meat is of poor quality, very low consumer appeal and 
inexpensive. Unused food was siphoned off every 24 hours 
when the water was changed. The fish were then randomly 
grouped into three batches of 25 each, their body weights 
recorded and were reared in separate aquaria, besides a 
parallely run controlled set with identically simulated 
conditions. The temperature and dissolved oxygen concentration 
of water varied from 17-22°C and 6-7 ppm, respectively. 
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Minced meat (protein 18% wet weight) was combined with, 
rough wheat flour which contained uniformly mixed 
homoeopathic extract at the rate of 3 ml/100 g flour. The 
proportion of flour (which served as a binder) was adjusted 
to 2.io wet weight of the meat. With food supplied at the rate 
of 5.5:^  live body weight of fish the proportion of flour and 
homoeopathic additive available being 0.07 g and 0.002 ml per 
100 g fish weight. The compounded diet ('A' containing 
Calcarea phosphorica, 'B' containing Uatrum muriatictim and 
'C having Lycopodium) v/ere offered separately to the three 
batches on alternate days. Homoeopathic extract-free feed 
was served on alterante days to treated fish, whereas it was 
given daily to the controls. The weight of unused food was 
recorded daily to find out the actual amoxmt of diet consumed 
by the fish, i'^ eeding was continued for 4 weeks. Twenty four 
hours after the last feeding the specimens were taken out of 
aquaria, weighed and then decapitated. The liver was 
immediately dissected out, its adhering liquid blotted on 
absorbent paper before weighing. While muscle sample was 
excised from a fixed location in the epaxial portion of the 
trunk below the place of origin of dorsal fin and above the 
lateral line. Liver-somatic index was calculated by the 
formula given in Chapter 17. 
Instantaneous/Specific G-rowth Rate (SG-R) was evaluated by 
the equation: 
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Log - Log 
SGR = ^—^ ^ X 100 
-
where, 
Wg = final weight (g) 
= initial weight (g) 
= feeding duration (days, final, 'T^' 
initial). 
To measure the food utilization G-ross Food Conversion 
Efficiency (PCE) was derived by the help of the formula: 
PCE = Y X 100 
where, 
G = Gain in fish weight (g) 
I = Amount of food consvimed (g) 
The amount of food required to produce unit gain in body 
weight was assessed through calculation of Feed Conversion 
Ratio (FCR): 
FOR = I 
where, 
I = Amount of food consumed (g) 
G = Gain in body weight (g) 
Protein Efficiency Ratio (PER) was worked out by the formula: 
PEji _ Gain in body weight (g) Amount of protein intake (g) 
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Muscle sample was processed for obtaining dry, fat-free 
tissue which was used for the quantitation of M A , DMA and 
protein. Details of the methodology used for obtaining dry, 
fat-free tissue and estimations of M A and DNA are described 
in Chapter III. Technique of protein estimation is outlined 
in Chapter IV. 
RESULTS AMD DISCUSSION 
Data pertaining to food assimilation and growth of 
Heteropneustes fossilis fed three experimental diets have been 
embodied in Table 1. Observations revealed that the hemoeo-
pathic feed mixes enhanced the food assimilation efficiency of 
the body to meet the requirements of both maintenance and 
growth. Calcarea phosphorica proved to be the most effective 
one, since the diet containing it accomplished a gain of 20.1% 
in the fish body weight (SG-il = 0.673), compared to Natrum 
muriaticum and Lycopodium where weight increase amounted to 
only 5.T/0 (saR = 0.200) and 1,2fo (SGR = 0.250), respectively. 
Fish of the controlled set maintained solely on meat even 
failed to maintain their initial body weight. A comparison 
of the weight increase in experimental fish with weight loss 
in controlled set after 4 weeks yielded 29.93%, 18.53%, and 
20.01^ gain in body weight exclusively to the credit of 
Calcarea phosphorica, Natrum muriaticum, and Lycopodium^ 
- -
respectively. Results of this study reveal that the minced 
meat used, a cost-effective item, can serve not only for 
maintenance but also for promoting appetite and growth of 
fish if supplemented with the homoeopathic formulations. 
All the three feed mixes seemed to be equally appetizing 
inasmuch as each of these extracts accomplished an increase 
of about 21% of the food intake. Differences in growth were, 
therefore, attributable to the nature of these extracts 
vis-a-vis their role in conversion of food into flesh. 
Galcarea phosphorica was most efficient of the three. It 
gave a conversion efficiency of 24.395^, whereas the same 
was found to be 6.932'/o for Natrum muriaticum, and 8.188% for 
Lycopodium. Further, the Peed Conversion Ratio which expresses 
the amount of food required to produce a unit of growth 
(weight gain) was 4.09, 14.42 and 12.21 for individuals 
administered Calcarea phosphorica, JNTatriim muriaticum and 
Lycopodium by way of food, respectively. The data signify 
that relatively smaller amount (4 g) of Galcarea phosphorica-
formulated food with high protein efficiency ratio (1.55) 
produces a weight gain which a larger quantity of food 
containing other ingredients (14.4 g i^atrum muriaticum 
containing diet and 12.2 g Lycopodi-um supplemented diet) with 
lower protein utilization (PER, 0.385, Watrum muriaticum; 
0.454, Lycopodium) can achieve. This can be substantiated 
by observation of liver-somatic index, a parameter 
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increasingly exploited in recent years for yielding 
information on nutritional status of fish and the response 
to quality and quantity of diets : Important contributions 
on this aspect being those of Heidinger and Crawford (1977), 
Jensen (1979), Bulow et al. (1981) and x-iustafa and ilittal 
(1982a). The index was found to be 1.47, 1.30, and 1.29 in 
fish specimens supplied diets formulated to contain Calcarea 
phosphorica, Natrum muriaticum and lycopodium, respectively. 
Nutritional efficacy of various dietary ingredients and 
living standard of fish are clearly reflected by protein 
and nucleic acid analysis of the tissue (Table II, Fig. 1). 
The concentration of UNA and protein was found to be correlated 
with liver-somatic index, being largest in fish with high value 
of this parameter and in that order. The data reveal that 
Calcarea phosphorica-supplementation of the diet resulted 
in synthesis of greater quantities of ilXA, protein and 
possibly other tissue-building materials. Enhancement 
of protein biosynthesis is chiefly responsible for growth 
promotion. Earlier findings from this laboratory have made 
this point clear: 1-Iustafa and Jafri (1977) established the 
general pattern of gro^ rfch stanzas in a murrel Ghanna punctatus 
and attributed it to quantitative fluctuations in body 
synthesis of RNA and protein. Mustafa (1979) formulated a 
strongly linear relation of iiWA and protein each vfith 
condition index in Ghanna punctatus. The work of Xustafa 
Figure - 1. Protein, RaA and M A concentrations in 
muscle of Heteropneustes fossilis supplied 
Galcarea phosphorica (.A), Natriim muriaticum 
and Lycopodium (C) in the diet. Values 
are mean + standard error. V/hite bars 
correspond to control readings. 
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and Mittal (1982a) involving starved-refed specimens of 
catfish Clarias batrachus emphasized the influence of diet 
on somatic and organ condition and detailed its role in 
liNA, protein turnover with a bearing on living status of 
fish. Mustafa and Zofair (19^3) explained the macromolecular 
relations in protein synthesis in catfish Heteropneustes 
fossilis and their bearing on specific gravity of tissue, 
growth and ponderal index. 
With cellular DNA content remaining constant true to 
its reputation of metabolic stability, change in its amount 
per unit weight of tissue serves to signify variations in 
weight of individual cells (Leslie, 1955; Mustafa and 
Mittal, 1982a; Mustafa and Shams, 1982). Thus, the ratio of 
labile UNA to non-labile DITA infact represents a good tool 
of quantitative assessment of R M and its correlates like 
protein, specific gravity of tissue and growth rate of 
animals. Published information (Buckley, 1979b; Mustafa 
and Zofair, 1983) supports this view. In the present work 
the RIlA/DiJA ratio of the muscle of test animal given 
Calcarea phosphorica was as high as 12.28 in comparison with 
such ratios 8.16 and 7.69 in specimens provided with Natrum 
muriaticum and Lycopodium in the diet. The protein/DNA ratios 
were 1.09, 1.05 and 0.914 in the same respective order. This 
strengthens the foregoing discussion on the relative efficacy 
of the dietary ingredients in sjmthesis of RNA, protein 
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together with their effect on growth. One of the important 
aspect of this investigation is that results of biochemical 
assays strongly substantiate the gravimetrically obtained 
data pertaining to growth and food conversion efficiency of 
fioh. 
In view of the outcome of present work the authors 
recommend the use of homoeopathic extracts in promoting 
growth of underyearlings of commercially important fish 
species reared in tanks or plastic pools. 
SUMMARY 
The nutritional efficacy of three minced meat diets 
supplemented vrith homoeopathic additives, Galcarea phosphorica 
(A), Natrum muriaticum (B) and Lycopodium (C) was tested for 
the catfish Heteropneustes fossilis. All the additives 
increased the appetite of the fish by 2^ fo over that for a 
'control' diet. Galcarea phosphorica gave the best results. 
This was evident by values of Food Conversion Efficiency 
(A: 24.3^ °, B: 6,9"/i>, G: 8.1/0, Feed Conversion Ratio (A: 4.099, 
B: 1 4 . 4 2 5 , 0: 12.212), Protein Efficiency Ratio (A: 1.355, 
B: 0.385, C: 0.454), RUA-DNA ratio of muscle (A: 12.28, 
3: 8.16, G: 7.69). 
Table I. Nutritional efficacy and growth promoting effects of 
experimental diets ('A', containing Galcarea phosphorica; 
'-B', containing l^ a^trum muriaticum and 'C, containing 
Lycopodium) supplied to lieteropneustes fossilis, 
Parameters •A' 'j3' 'C 
Grain in body weight i/o) 20.765 5.779 7 .241 
Specific growth rate (g) 0.673 - 0.200 0 .250 
Food consumption (g)/fish/day 0.445 0.443 0 .445 
Gross food conversion 
efficiency (>0) 
24.395 6.932 8 .188 
i'eed conversion ratio 4.099 14.425 12 .212 
Protein efficiency ratio 1 .355 0.305 0 .454 
Table II. Concentrations of protein, M A and RI^ A/DiJA, 
protein/DITA ratios in musclo of Heteropneustes fossills 
supplied Calcarea oliosphorica (A), lMatru.-n inuriaticu:n(B) 
and iiyoopodiu]i((5Ln the diet 
Parameters A B G 
Protein (/O 62.67+ 0.33 58.95+ 0.46 
RNA (jag/100 mg) 705.37+46.b9 470,54+19-74 496.21+19 .53 
DRA (|ug/100 mg) 57.43+ 3-57 57.64+ 3-41 64.48+ 4.18 
illU/MA 12.28 8.16 7.69 
Protein/Mji 1 .09 1 .05 0.91 
+ standard er.-or of mean. 

JjJFFiiCTS OF I'ESTiJS 3X SUPPLJSMMTiSD DIET ON GROWTH M D FOOD 
UTILIZATION aFFICIMCI OF CATFISH HETER0PN3U3TBS F033ILIS 
INTaODUCTION 
Several attempts have been made to test the steroidal sex 
hormones for their possible growth-potentiating effects on 
fishes. Simpson (1976), Matty and Cheema (1978), Fagerlund 
et aa. (1979a,b, 1980) and Schreck and Fowler (1982) observed 
improved appetite and food conversion efficiency of teleosts 
supplied diet supplemented with testosterone. Higgs et al. 
(1982) reported side-effects of exogenous steroids and 
suggested caution against their zealous application in 
aquaculture to promote growth and yield of fish. All these 
findings emphasize the need of futiire research and trials 
involving steroids from different sources. The present 
investigation reports the nutritional performance of 
Testes a homoeopathically prepared glandular product, in 
catfish Heteropneustes fossilis. Testes 5X was used as an 
additive with inferior quality meat with a view to determine 
if it betters the nutritive value of artificial food. 
MATERIALS AND IffiTHODS 
Young male specimens of Heteropneustes fossilis (total 
length, 10.5-14.0 cm; body weight, 15.7-14.9 g) were collected 
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from ponds at Aligarh and acclimated to laboratory conditions 
for a week. They were supplied minced meat daily. After the 
specified period fish were devided into two batches, each 
comprising 20 specimens and reared separately in constantly 
aerated 50-litre capacity aquaria at 24 + 2°C. Fish of one 
batch (control) were supplied quality minced meat of buffalo 
and individuals of the other stock (experimental) were fed the 
same diet except that on alternate days it was supplemented 
with a glandular homoeopathic product, TilSTES-^X (5 mg/g fresh 
minced meat). Food was supplied at the rate of A'/o of body 
weight. Unused food was collected and weighed. Amount of 
food consumed v;as assayed by subtracting unused food weight 
from total weight of food. Feeding continued for 6 weeks. 
After 24 hours of last feeding fish were taken out and measured 
for length and weight. Specimens were decapitated and their 
testes and liver were removed and weighed. Ponderal index 
(condition factor, K) and liver-somatic index were calculated 
by the formulas given in Chapter I and lY, respectively. 
Gronado-somatic index (GSI) was determined by the equation: 
ftciT Gonad weight (g) y . 
- Intact body weight (g) ^  ^  
The formulas used for obtaining gross food conversion efficiency, 
feed conversion ratio and protein efficiency ratio are given in 
Chapter V. 
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RBSULTIJ AND DISCUSSION 
Data pertaining to performance of control and experimental 
diets (A and B, respectively) as evaluated through food 
assimilation and growth of Heteropneustes fossilis have been 
embodied in Table I. It is evident that supplementation of 
the minced meat diet with the homoeopathic glandular preparation 
(Testes 3X) enhanced its nutritional efficacy. Fish consumed 
larger quantity of food, converted more of it into flesh and 
grew faster. Anabolic effect of the feed mix is quite obvious. 
Ponderal index and liver-somatic index increased from 0,613 to 
0.624 and 1.479 to 1.531 respectively, implying overall gains 
in body weight. Interestingly, the gonado-somatic index of 
males was found to rise from 0.094 to 0.138 on feeding the 
testes 3X compounded diet. This can be attributed to gonad-
stimulating action of the ingredients. Further work is needed 
to understand precisely if the testes puts on more weight by 
growth of the germ cells or laying down of nutrients. 
Sjnaergistic relation of the homoeopathic additive with the 
endogenous hormone of fish in gonadal development can not be 
ruled out. If economics of supplementary feeding is considered 
it must be pointed out that high potency of testes 3X. requires 
smaller quantities of this cost-effective substance for better 
yield of fish. Further, the smaller feed conversion ratio(FGK) 
and larger food conversion efficiency (FCS), protein efficiency 
ratio (pJiR) and specific growth rate (SG-S) obtained by feeding 
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tiie experimental diet compared to the control one signify 
tiiat relatively smaller amount of food will be required to 
produce gain in body weight. Not only that a larger quantity 
of control diet will match the weight gains in fish maintained 
on supplemented diet, but even this will be impracticable if 
quantity of diet crosses the appetite of the fish. It is 
advantageous that the homoeopathic ingredient had appetising 
effect, inasmuch as it will enable pisciculturists to increase 
the ration size on the presumption of its efficient utilization 
and quick returns. 
SUI-Ii-iARY 
Feeding minced meat supplemented with homoeopathic 
glandular preparation. Testes enhanced somatic and liver 
condition, increased the appetite, efficiency of protein 
utilization and conversion of food into flesh. Changes 
resulting from 5-week feeding were not significant but advantage 
of using the feed mix for longer periods is obvious. Increased 
gonado-somatic index of male implied the stimulating effect of 
the glandular extract on testes. 
Table I. Growth, food utilization, somatic,.liver and gonad 
condition of Heteropneustes fossilis fed minced 
meat with and without Testes 
Parameters Control batch Testes 3X fed batch •A' 'B' 
Total gain in body weight (gj 9 1 1 
Grain in body weight {-/o) 3.020 4.014 
Specific growth rate 0.069 0.092 
Total food consumed (g) 376.440 386.060 
Gross food conversion 
efficiency 
2.390 2.840 
Peed conversion ratio 41 .820 35.090 
Protein efficiency ratio 0.132 0.158 
Ponderal index 0 .613+0.010 0 .624+0.016 
Liver-somatic index 1 .479+0.060 1 .531+0.181 
Gonado-somatic index 0 .094+0.013 0 .138+0.008 
+ Standard error of mean. 

EFFECTS OF EXOGENOUS OVARIM STEROIDS ON GROWTH AUD FOOD 
UTILIZATION EFFICIENCY OF CATFISH HETSROPNEUSTBS FOS^ILID 
Iin'RODUCTION 
Several workers have tested the steroids on fish for 
their possible growth-promoting effects (Cowey et. al,, 1973; 
McBride and Fagerlund, 1973, 1976; Fagerlund and McBride, 1975, 
1977; Guerrero, 1975, 1976; Simpson, 1976; Yamazaki, 1976; 
Saunders et 1977; Matty and Cheema, 1978; I4atty and 
Lone, 1979; Fagerlund et al., 1979a,b, 1980; Chua and Teng, 
1980; Lone and I-Iatty, 1980a,b, 1981a,b,c and Schreck and 
Fowler, 1982). However, the side-effects of these synthetic 
substances limit their applicability (Donaldson ei aJL., 1979). 
The author considered it important to find out some suitable 
alternative to synthetic steroids which should be cost-effective, 
anabolic and devoid of side-effects. Of the various chemicals 
tested, the natural steroids present in the extract of the 
ovary of catfish Heteropneustes fossilis proved to be fairly 
effective in the underyearlings of the same species. The 
resulting changes in body weight, food utilization and condition 
coefficients of internal organs are reported here. 
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MTERIALS AND I4ETH0DS 
Yoiing immature specimens of Heteropneustes fossilis 
(total length, 12-19 cm; body weight, 12.4-15 g) were 
obtained from the freshwater bodies in and aroimd at Aligarh. 
They were acclimated to laboratory conditions for a week in 
continualy aerated glass aquaria at a temperature of 24 ± 1°C. 
During this period the fish were fed minced meat to satiety. 
For experimental trials the lot was devided into two batches, 
iilach batch comprising 10 specimens was run in duplicate. 
Since males were not available in adequate numbers only female 
specimens formed the basis of present study. 
For preparing steroid extract, ripe ovaries of adult 
specimens of Heteropneustes fossilis were obtained. Pooled 
samples of 114 g were homogenized in known volume of 100^ 
ethanol and centrifuged at 4,000 rpm for 20 minutes. 
Supernatant was decanted in a dry tube, made to a volume of 
50 ml and stored in a refrigerator. The solution was tested 
for the presence of estrogen by the help of thin-layered 
chromatography. Doses at the rate of 0.7 ml (representing 
steroids in 1.6 g of ovary)/100 g body weight of fish were 
administered through the caudle peduncle region. Injections 
were given at 4-dyas interval for a period of 32 days. A 
control set was run simultaneously. Fish of this group, 
however, were injected with equal voluine of steroid-free 
alcohol. Minced meat was supplied at a rate of 4/^  of live 
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body weight of fish. Unused food was siphoned off daily. 
Amoiint of food consumed was determined by subtracting the 
quantity of unused food from the total weight of diet supplied. 
After 5 days of last injection, the specimens were taken out 
of aquaria, recorded for their length and weight, and 
decapitated. Liver and gonad were dissected out and weighed. 
Samples of liver were processed for obtaining dry, fat-free 
tissue (vide Chapter III for details). Method of protein 
estimation is described in Chapter 17. Ponderal index 
(condition factor, K) and liver-somatic index were calculated 
by the formulas given in Chapter I and IV, respectively. The 
formula used for determining gonado-somatic index is the 
same as outlined in Chapter VI. Specific growth rate, gross 
food conversion efficiency and feed conversion ratio were 
determined by the methods described in Chapter V. 
RESULTS AND DISCUSSION 
Administration of ovarian extract in Heteropneustes 
fossilis enhanced the appetite, food assimilation and growth 
rate of the fish (Table i). The effect was thus anabolic. 
While Cowey and Sargent (1972) and Cowey et aa. (1975) reported 
nitrogen and protein conserving responses of fish treated with 
estrogens, the main hormone of ovary, several other investigations 
reviewed by Donaldson e;t a^. (1979) emphasized growth-suppressing 
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nature of estrogens in fishes. The extract injected in 
Heteropneustes fossilis increased the consumption of food 
by 29/0, food conversion efficiency by 11.5'^  and the specimens 
gained in body weight. Anabolic influence of the 
hormone evidently takes the form of retention of larger 
quantities of nutrients, especially nitrogenous ones, and 
their incorporation in the body. It is quite likely that 
increased mobilization of non-protein nitrogen under the 
influence of estrogenic steroids results in 'sparing* action 
on protein nitrogen, and even if quantity of protein arising 
epigenetically is limited, the fish is able to maintain and 
enrich the preformed amount of this organic constituent. 
Findings of Preston (1975) on ruminants support this view. 
Availability of more free amino acids in the body may also 
aid and accelerate the process of reparation or wearing of 
cells and tissues. Indeed, marginal increase in protein 
concentration of hepatic tissue was discernible, but since 
the sex steroids increase the permeability of tissue to 
metabolites to facilitate their entry in the cells (Talwar 
et al.. 1964), little increase in the protein content 
(Table I) is understandably meant to accomodate other nutrients 
particiilarly carbohydrates and fats. Earlier studies (Phillips 
et ai., I960; Phillips, 1969; Kott, 1971; Edward et al., 1972; 
Hinton ^ a^., 1972; Shulman, 1974; Bratland et al., 1976; 
Jensen, 1979; Shams, 1980) have amply demonstrated the liver 
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as the chief storehouse of glycogen and triglycerides. 
Improvement in ponderal index and liver-somatic index 
(Table I) which are gravimetrically evaluated parameters, 
implied robustness of fish treated with gonadaJL steroids. 
Rise in gonado-somatic index (Table I) signifies the role 
of estrogen in maturation and development of ovaries. 
SIM-IARY 
The effect of ovarian eiitract of Heteropneustes fossilis 
containing steroids was examined on the young specimens of the 
same species. Intramuscular injections at an interval of 
4 days over a period of 32 day resulted in live body weight 
gain of about 10^. The appetite and food conversion 
efficiency increased by 29fo and 11.5?^  respectively. Ponderal 
index, liver-somatic index and protein concentration of liver 
were marignally improved. Gonad stimulating effect of steroids 
was also noticed. In the light of the data the efficacy of 
the natural steroids in promoting growth of the fish has been 
elaborated. 
Table I. Growth, food utilization, liver protein concentration, 
and somatic and organ condition of Heteropneustes fossiiis 
administered ovarian extract hormone 
ir'aramet ers Control Ovarian hormone-
treated 
Total gain in body weight (g) 
Gain in body weight {70) 
Specific growth rate 
Total food consumed (g) 
G-ross food conversion 
etficiency i^'") 
?eed conversion ratio 
Liver protein (mg/100 mg) 
Ponderal index 
Liver-somatic index 
Gonado-somatic index 
4.5 
2.777 
0.090 
75.360 
5.970 
1 6.146 
44.341+0.566 
0.608+0.024 
1.799+0.085 
0.695+0.079 
17.0 
10.100 
0.340 
97.230 
17.480 
5.719 
44.960+0.554 
0.612+0.011 
1 .91 1+0.105 
0.779+0.064 
+ Standard error of mean. 

EFFECTS OP TE3T07IR0N A2TD OYOCYGLIN ON LIVER-SOi^ IATIC INDEX 
AND CONCENTRATIONS OF NUCLEIC ACIDS li^  
CATFISH HETER0PNEU3TE3 FOSSILIS 
INTRODUCTION 
Because of their protein-anabolic natiire steroids are 
being tried as a means to promote growth and enhance yield 
of fish in aquaculture. Donaldson et (1979) and 
Higgs ^ §2. (1982) have thoroughly reviewed the findings 
on the effects of androgens and estrogens in teleosts. 
Studies have suggested caution in ruthless application of 
steroids on account of their side effects. Ashby (1957), 
Hirose and Hibiya (1968), McBride and Van Overbeeke (1971), 
Bulkley and Swihart (1973), Simpson (1976) observed 
hypertrophication and Hirose and Hibiya (1968) reported 
degeneration of visceral organs, especially liver of fish. 
Limited information is available on cellular constituents 
some of which may be involved in these side effects. 
Influence of exogenous estrogen on liver nucleic acids of 
flounder, Platichthys flesus was reported by Emmersen and 
Emmersen (1976) and Emmersen ejt a^. (1979). Lone and 
Matty (1980a,1981a )noted a general trend of decreasing DNA 
content and increasing RNA, RNA/DNA, protein/RNA and protein/ 
DNA in muscle, kidney and liver of carp, Cyprinus carpio with 
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increasing doses of 1 T'^-methyltestosterone or 11-keto-
testosterone. The present study was designed to present 
data on the effect of testoviron and ovocyclin on liver 
condition and nucleic acid composition of hepatic tissue of 
catfish Heteropneustes fossilis» 
MATERIALS M D MliODS 
Live specimens of Heteropneustes fossilis weighing 
20-45 g were obtained from freshwater bodies at Aligarh, 
reared in continually aerated aquaria, each of 30 litre 
capacity. The fish was acclimated to laboratory conditions 
for a week during which it was fed minced meat to satiety. 
Specimens were grouped randomly in three duplicate batches. 
One group was used as control and the others were exogenously 
administered steroidal preparations (Testoviron and ovocyclin). 
Testoviron contained 25 mg testosterone propionate and 110 mg 
testosterone cenanthate/ml oily solution. Ovocyclin, a pure 
follicular hormone contained 1 mg estradiol dipropionate/ml 
sterile oily solution. One batch of fish received testoviron 
at the rate of 0.4 ml/100 g body weight and the other ovocyclin 
at the rate of 0.7 ml/100 g by way of intra muscular injection 
in caudle pedimcle region every fifth day for fifteen days. 
Control group of fish was injected equal volume of distilled 
water. After the fifth day of last injection the specimens 
were taken out, measured for total length and weight and 
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decapitated. Liver was immediately dissected out, weighed. 
Knom weight of liver samples were processed for quantitative 
determination of M A and DNA. Concentrations of RNA and Di^ A 
have been expressed as p.g/100 mg dry, fat-free tissue. 
Examination of gonad revealed that all the specimens were 
male. Formula used for calculating liver-somatic index has 
been given in Chapter 17. Methods used for quantitation of 
nucleic acids and protein have been detailed in Chapter III 
and I?, respectively. 
RESULTS AUD DISCUSSION 
Table I and Fig. 1 present data on liver-somatic index 
and nucleic acid concentration of control and treated specimens 
of Heteropneustes fossilis. At the dosage tested Testoviron 
and Ovocyclin influenced the nucleic acid concentrations of 
the liver. M A increased in both the treated groups. This 
signifies enhanced metabolic response of liver, particularly 
with respect to protein biosynthesis, wherein M A plays a 
key role. The positive relationship of M A with metabolic 
status of the body tissues including the liver has been 
unambiguously shown by Mustafa and Shams (1982) . Ovocyclin 
was more effective in raising metabolic activity and hence 
M A level compared to testoviron. This anabolic effect of 
ovocyclin is evident from the relative weight gains in the 
liver indicated by difference in liver-somatic index of 'the 
FilSure - 1 . Liver-somatic index and concentrations of 
RI^ A and M A in the liver of control, 
testoviron-treated and ovocyclin-injacted 
specimens of Hetero-pneustes fossilis 
(vertical lines indicate standard error 
of laean) . 
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two groups of fish (control: 1 .689 + 0.060; Testoviron-
treated: 1.908 + 0.128; Ovocyclin-treated: 2.555). Balnave 
(1969) noted similar biochemical change in liver of immature 
male chick administered testosterone and estrogen. The 
estrogen-induced turnover of UNA and s3mthesis of protein in 
the liver of male flounder (Platichthys flesus) has been 
described by Emmersen and Emmersen (1976), and Emmersen et aZ. 
(1979), although anabolic effect of this hormone in male has 
been reported even in early work (Berkowitz, 1938; Bvardson, 
1943; Cohen, 1945). 
Di'^A concentration of liver maintained a reverse trend 
vis-a-vis RNA. It declined following hormone administration 
and the decreasing order was in just contrast to increasing 
progression of M A (i.e., more marked in ovocyclin treated 
fish). There is noe reason to believe actual decrease in the 
amount of cellular DHA. Presumably, the enhanced biosynthesis 
of RwA and protein, besides acciimulation of other nutrients 
to a minor extent, enlarges the cytoplasmic volvune and makes 
the cells heavier. Obviously, a smaller nxmber of such larger 
cells of greater weight can contribute to unit mass of tissues 
processed for assays compared to cells of smaller weight which 
must be required in larger number to form an equivalent tissue 
sample. Thus smaller number of cells/unit weight of tissue 
results in apparent decline in DNA concentration. Such a 
cell mass and DiMA concentration relationship in fishes has been 
- 74 -
amply demonstrated by Mustafa and Jafri (1976), Mustafa (1977a,b, 
1978a), Mustafa and Mittal (1982a), Mustafa and Shams (1982) and 
i'iustafa and Zofair (1985). 
3UWIARY 
Effects of exogenous sex steroids (Testoviron and 
Ovooyclin) on catfish Heteropneustes fossilis were studied. 
The two hormonal preparations increased the weight and EIJA 
concentration of liver, but decreased the DNA concentration. 
The changes were more marked in ovocyclin-treated specimens. 
Table I. Liver-somatic index and concentrations of liNA and DNA 
in hepatic tissue of control and treated specimens of 
Heteropneustes fossills. 
Parameters Control Testoviron-
treated 
Ovocyclin-
treated 
Liver-somatic index 1.689+ 0.066 1.908+0.128 2.5b5+0.007 
RaA {)lg/^ 00 mg) 11280+93 13512+149 18638+160 
DNA (jag/100 mg) 772+30 768+15 669+35 
+ Standard error of mean. 

EFFECT OF DDT ON NUCLEIC ACIDS', PROTEIN AND LIVER CONDITION 
OF CARP PUNTIUS STIG-i^ IA 
INTRODUCTION 
Backlash, of the use of chlorinated hydro carbons, 
especially DDT, for management of insect pests is undoubtedly 
quite alarming. Stability of this chemical in the aguatic 
environment not only creates cumulative pollution but the 
problem assumes infinite proportions through biological 
magnifications, as the substance moves in biogeochemical 
cycles and along food chains, reaching the human beings 
(top carnivore). Little information exists on biochemical 
and physiological effects of DDT in animals. Barring reports 
on dysfunction of nervous (O'Brien, 1967; Anderson, 1968; 
Anderson and Prins, 1970) and reproductive (Allison et al•, 
1964; Burdick et aJ,., 1964; Cuerrier ^ aa., 1967; Ifecek, 1968; 
Hopkins et ai., 1969; Johnson and Pecor, 1969; Willford ^ al.. 
1969) systems caused by DDT, most of the toxicity tests are 
carried out at organism level. The present study focuses 
attention on the deleterious role of DDT contaminated water 
(0,05 ppm) on the internal environment of Puntius sti£ma, a 
carp fish foraged heavily by carnivorous teleosts and 
occupies an important place in food chain in the aquatic 
environment. The effects have been evaluated at molecular 
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level which are absolutely essential for expalining the 
implications of DDT in the ecosystem with a greater degree 
of exactitude. 
I^TERIALS M D METHODS 
Live specimens of Puntius stigma (total length, 
7.1-9.1 cm; body weight, 4.0-9.5 g) sampled from local ponds 
at Aligarh were acclimated to laboratory conditions for one 
week. After the period of acclimatization the fish were 
randomly grouped into two batches of 50 each and reared 
separately in 50-litre capacity aquaria. The temperature 
and dissolved oxygen of medium were maintained at 23 + 0.5°0 
and 4.9 + 0.2 ppm, respectively. 
A known quantity of DDT was dissolved in a small but 
measured volume of acetone and diluted to desired level by 
tap water. After preliminary trials, a sublethal dose of 
DDT (0.05 ppm) was selected for exposing the specimens of 
one of the batches. The other group of fish served as 
control. This stock was rxm in DDT-free water containing 
acetone in the same quantity as in test aquaria (0.I5 ml/ 
30 litre). The experiment continued for 15 days and no food 
was supplied during this period. After the last day of 
experiment all specimens were sacrified. Their length and 
weight were recorded. Liver was immediately dissected out 
and its weight was recorded for determining liver-somatic index 
- 77 -
by the formula given in Chapter IV. A known number of liver 
samples were pooled together and processed for obtaining 
dry, fat-free tissue which was used for estimations of RUA 
and DNA. Details of the methodology ane described in 
Chapter III. 
RESULTS AND DISCUSSION 
Data embodied in Table I and represented graphically 
(Fig. 1) indicates that concentrations of protein and DNA 
declined whereas that of RNA increased in the liver of 
Puntius stigma exposed to the sublethal dose of DDT. The 
changes were, however, not statistically significant (P>0.05), 
Evidently, the DDT induces proteolysis, although mechanism of 
this phenomenon can not be accurately expalined. It is 
recognized that DDT is a powerful stressor (Selye, 1976; 
Mazeaud ^ al., 1977; Strange et al., 1977) and through blood 
circulation it tends to enter the liver (Fujiya, 1965) where 
it preferentially accumulates. DDT or its transformation 
products may also interfere with pathways of protein biosynthesis 
by creating what has been termed as 'biochemical lesion', and 
enahncing the proteolysis of preformed liver protein. The 
stress-mediated release of larger quantity of adrenocortico-
trophic hormone (ACTH) by the hypophysis and increased output 
by adrenal gland of cortisone and corticosterone sequentially 
(Bentley, 1976; George, 1977) can also be a pat©«.-t,.. factor. 
?ig^ lre - 1 . Concentrations of protein, RNA and DNA 
in liver of control (white bars) and 
DDT-exposed (black oars) specimens of 
Pimtius stigma. Vertical lines 
indicate standard error of mean. 
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The same authors have documented that AGTH influences the 
enzymes involved in the degradation of protein and its 
conversion to glucose. This can be viewed as an adaptive 
adjustment in the internal environment to ensure supply of 
the most readily utilizable source of energy which alone can 
sustain the strenuous muscular activity of fish under stress. 
The reciprocal change in SMA and DNA concentrations as 
seen in this study is attributable to hypertrophication of 
liver parenchyma possibly caused by DDT. Annau (1954) has 
observed enlargement of hepatic cells of mice fed another 
insecticide, aldrin, but the author is not aware of such a 
report vis-a-vis DDT. Higher liver-somatic index(1.176+0.314) 
of DDT exposed fish specimens compared to control group 
(1.041+0.278) also points towards hypertrophy of liver. The 
catabolised protein and fat are believably replaced largely 
by water. Such a substitution relationship between these 
constituents has been termed by Love (1980) as 'protein/fatH«Bter 
effect' in fish imdergoing profound biochemical change as part 
of its normal seasonal cycle. Findings of Ghargaff and 
Davidson (1955) leave no doubt that cellular hypertrophy is 
associated with increase In M A content. This lends support 
to the present observations. Further, as the hypertrophied 
cells of liver accumulate water, RNA and some other substances 
in the cytoplasm, they put on more weight and the cellular 
DNA is 'diluted*. As a matter of fact, a smaller number of 
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these ceils of larger size and weight can make a unit v^ eight 
of tissue compared to larger number of cells of lesser size 
and weight obtained from normal liver. DNA, which is related 
to number of cells/imit weight of tissue sample, was thus 
reduced. 'Cause and effect' relations are worth mentioning 
at this stage of discussion. One must view that this change 
in DNA is in concentration vfhich is a function of changing 
number of cells/unit weight of tissue sample processed for 
biochemical assays, and does not reflect alteration in its 
amotint/cell. In earlier publications Mustafa (1977a,b; 
1978a) have suggested caution in interpretation of cause 
and effect of any such change. It is also well authenticated 
that DNA is metabolically stable and remains remarkably 
indifferent to metabolic 'traffic' in cytoplasm. Indeed, 
such a stability is essential if DNA is to serve as a 
genetic material and to govern hereditary destiny. 
Sm-MARY 
Exposure of Puntius stigma to sublethal dose of DDT 
(O0O5 ppm) for 15 days resulted in increase in liver-somatic 
index and RNA concentration and decrease in protein and Dl'JA 
concentrations of liver. These changes were explained in the 
light of hypertrophication of liver parenchyma and interrela-
tionships of chemical constituents. 
Table I. Liver-somatic index and concentrations of RNA, DNA 
and protein in hepatic tissue of control and 
DDT-exposed specimens of Heteropneustes fossilis 
Parameters Control DDT-exposed 
Liver-somatic index 1 .041+ 0.278 1.176+ 0.314 
imA (^g/100 mg) 8214 .880+318 8928.770+209 
DKA (/ig/lOO mg) 669 .510+ 17 575.110+ 14 
Protein Cmg/100 mg) 65 .240+ 0.911 63.900+ 0.786 
+ Standard error of mean. 
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